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PEEFACE TO THE ENGLISH EDITION. 



This book vras written by Prof. Prantl to meet a growing 
demand for a work on Botany, whicli, while less volnminons 
than the well-known "Lehrbuch" of Prof. Sachs, shonld re- 
semble it in its mode of treatment of the subject, and should 
serve as an introduction to it. That it has not failed in this 
object is shown by the fact of its having already reached a third 
edition. It is hoped that this English Edition will as adequately 
supply the want of a work of this kind which has long been felt 
in this coantry. 

In preparing this edition for publication, I have felt that the 
main object was the production of an accurate and intelligible 
translation, and I have therefore made but few alterations in 
the Author's text. I have ventured, however, to introduce 
the General Classification of Thallophytes (page 110) proposed 
by Prof. Sachs in the fourth edition of his "Lehrbuch," for I 
am of opinion that this mode of regarding the Thallophytes 
is a considerable assistance to the student. In consequence 
of this I have arranged the various families of Thallophytes in 
an order which is slightly different from that followed by Prof. 
Prantl. 

Further, I have not designated the decomposition of carbonic 

acid and water by the chlorophyll under the influence of 

light, by the term "assimilation," as is usually done. This 

term has already a well-defined meaning in Physiology, and 

it is therefore a mistake to re-introduce it in another sense. At 

the same time I do not feel myself quite in a position to 

suggest a term to replace it. 

S. H. V. 
GambbidqEi March, 1880. 
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PREFACE TO THE SECOND ENGLISH EDITION. 



I have ventured, in the preparation of this edition, to make con- 
siderable alterations in the book, with the view of increasing its 
usefulness. For these I am alone responsible. Many of them have 
been made at the suggestion of friendly critics, known and un- 
known, and for this kind assistance I would here express my 
thanks. The most important alteration is the adoption of a 
Classification of Flowering-Plants which will be more familiar 
to English students than that which was followed in the First 
Edition. 

S. H. V. 
Cambridge, April, 1881. 



PREFACE TO THE THIRD ENGLISH EDITION. 



This edition, called for so rapidly after the appearance of the second, 

is issued without any change in the contents of the book, other than 

parely typographical. 

Th£ Fublishebs. 
London, 1883. 
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PAKT 1. 
THE MORPHOLOGY OF PLANTS. 



§ 1. The Members of the Plant. An ordinary flowering- 
plant consists of a number of parts whicli are distinguished as roots, 
stems, leaves, fruits, etc. These may be considered scientifically in 
two ways ; either with reference to their functions in the economy 
of the plant, when they are regarded as the organs by which these 
are performed, and are the subjects of physiological study ; or, their 
functions being disregarded, their relative position, the place and 
mode of their origin, the course of their growth, and their relative 
size may be considered ; that is, they may be studied from a purely 
morpJiological point of view, when they are regarded merely as parts 
of a whole, and are designated as members. The members may be 
conveniently arranged in four categories, namely, Moots, Stems 
(Caulomes), Leaves (Phyllomes), and Hairs (Trichomes). When 
the body of a plant does not present any differentiation into root, 
stem, and leaf, as in the case of the Algee and Fungi, it is termed 
a Thallus (Thallome), 

With the exception of the primary axis of the seedling, all mem- 
bers are developed laterally upon others, which may or may not 
belong to the same category. A root, for example, is repeatedly 
producing lateral roots which are similar to each other and to the 
main root from which they have arisen ; a stem, on the other hand, 
produces, in addition to branches which are similar to itself, leaves 
and roots. Every member remains in connection by its organically 
lower end, its base, with the member from which it has been 
developed : the opposite end is the organically upper end or apex. 
Those members, viz., stems and roots, which more especially pro- 
duce lateral members, continue to grow at their apices, and the 
lateral members are normally developed behind the apex in such 
a way that the youngest of them lies nearest to the apex. Thus, 
the youngest lateral root is the nearest to the apex of the mother- 
root, and it is the youngest leaf which is the nearest to the apex 
of the stem; hence in all normally developed members the suc- 
cession in time may bo inferred from the sticcessior ir space ; that 

B 



2 PART 1. — THE MOEPHOIiOGT OF PLANTS. [§ 2. 

is to say, in connting the leaves on a stem from the base upwards, 
the order of their succession in space denotes the order of their 
development. All lateral members which are thns arranged are 
said to have originated in aeropetal succession. When in any cross 
section of the parent member not one only, but two or more lateral 
members, occur at the same level, this mode of arrangement is 
termed a whorl ; for instance, of secondary roots roxind a parent- 
root, or of leaves round a stem, as in Herb Paris (Paris qvadrifolia^ 
Those members which lie at the same level imd form a whorl may 
be developed simnltaneonsly, or one after the Other ^ hence a whorl 
may be 8imult(Pne&ifs or sudce^stcnal. In the laltter cade it is more 
difficult to distingnii^ <^ie acropetaH cteccessiOn as well of the whorls 
'as of their individilal membeire. Those memberi^ are said to be 
adventitious which are not d^eldped dt the growing point bnt 
<m older parts, and which are therefore not arranged in aeropetal 
"succession; for instance, those latei^afl toots iv^hich are developed 
from oldet Ones, and many branches from old stems. The forma- 
tion of lateral members liiay either take place exogenously, in which 
•case ihej Origiliate from the outer layers of tissue of the parent- 
member, as leaves do from that of the stem (Fig. 1), Or endo* 
genously, in which case they are formed from the internal tissue Of 
the parent-member and have to penetrate its onter layers ; it is in 
this latter manner that toots are developed either from older roots 
(Fig. 20) or from stems. 

§ 2. Of the Leaf and Stern in general. These two ideas 

are so intimately connected that it is impossible to think of one 
withont the other, as is evident from the following definitions : 

Every part of a plant which prodnces leaves at its growing end 
is called a Stem or Axis ; a stem, together with the leaves it bears, 
is known as a Shoot: 

Leaves are distinguished by the following characters. 1, They 
originate always in aeropetal succession (they are therefore never 
adventitions) ; 2, they are always exogenons ; and 3, they always 
assume a iotm different from that of the stem and its lateral 
branches upon which they are borne. 

The leaves are developed in v^ry close apposition at the apex of 
the stem. The poHions of the stem, termed internodes, which lie be- 
tween the individual leaves may either iremain quite short, as in the 
case of the rosette of leaves of the Plantain and of the House-leek, 
of the fascicled leaves of the Larch, and in most flowers ; or they 
may undergo a considerable elongation so that the leaves become 
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widely separated. The boondaries of the intemodes — tiie ^'■laccs, 
that is, at which the leaves are inserted — termed nodea, are Bome- 
timee prominently developed, more particiUarly when the leaves 
are arranged in whorls, e.g,. Labiate, or when they ensheath the 
stem. The portion of the soriace of the stem from which the leaf 
arises is the iTisertion of the leaf, and its organic centre is called tho 
point of iiuertion. After the 
fall of tho leaf the sorface 
where ib was inserted re- 
mains for a long time visible 
SB a tear or ciealrix. 

So long as the intemodes 
have not begnn to elongate, 
and the leaves are still folded 
together so as to cover the 
apex of the stem, the grow- 
ing end of each shoot is 
known as a bttd. The bud 
which lies at the apex of a 
shoot, the lower portion of 
which haa already under- 
gone elongati<m, is a terminal 
bud; the {o^srol iuif are the 
earfy stages of shoots de- ,^ ,._i,i^™„i. i™^„ah«i m^ 

veloped laterally npon a Ibniagh|]|«grDinngB,p«tor aeMm; bmeUaveai 
erOWinir -main shoot, which *" "^ mouy bndi; • epidermic, / BbrotucB- 
* ^ . . „ . iMbondtefc 

often remain m this con- 
dition for a considerable time. The arrangement of the lateral 
buds, and aonseqaently that of the branches which are developed 
from them, is closely related to that of the leaves ; thns in Mosses 
and many Ferns they are developed immediately below or by the 
side of a leaf ; in the higher plants, always in the axil of a leaf, 
that is to say, in the angle made by a leaf with the intemode above 
itA insertion. In the latter case they make their appearance at the 
first formation of the leaves (Fig. 1, kn). With few exceptions, 
they are developed in the axil of every leaf, the exceptions being 
the leaves that form the flower, and those of many of the Conifers. 

§ 3. The Arrangement of the Leaves (Phyllotaais). The 
arrangement of the leaves on the stem is most intimately connected 
with the acropetal order of their development ; and since, as has 
been already shown, the urangement of t^e lateral shoots depends 
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-OD that of the leaves, the same laws determiae tbe arraDgement oF 
both these sets of members which apply geaerally to all acropetnllj 
developed members of plante. These laws are most conspicnotisly 
exhibited in the arrangement of the leaves, and they will be folly 
discoBsed with reference t« these members only. 

■Leaves are developed either in whorls, that ia to say, two or more 
at the Bame level on the stem, or singly, when their atrangeraent 
is said to be scattered. In some cases certain of the intemodes 
do not elongate, and therefore the leaves, which have been really 
developed singly,. or their axillary bnds, appear to have been de- 
veloped at the same level on the stem, thna forming a spurious 
whorl, Bs in the case of the upper leaves of the Tiger-lily and of 
the whorled branches of the Pines. 

The arrangement of the leaves on the circumference of the stem 
is also very variable ; this is particnlarly conspicaoos in the oases 
where the leaves are arranged in whorls, for which reason these 
will be firet discnssed. If a whorl consists, for instance, of two 
leaves, it is obvions, that they will be placed ezxctly opposite to 
each other on the surface of the 
^, /rr"^"^ stem, and that the distance between 
I M^^^^^' *'*^™' ''i^M'"^ from the points of 
^^ insertion, will amount to jnst half 

' the circumference of the stem. Simi- 

larly, if the whorl consist of three 
leaves, the distance between any two 
adjacent leaves will he one-third of 
the circnmference, and so forth. The 
lateral distance between the points 
of insertion of two adjacent leaves, 
measured on the circumference of 
the stem, is called their divergence, 
and it is expressed in fractions of 
the circumference. 

Moreover, it is a rule, though not 

without exceptions, that the sncces' 

sive whoils alternate, so that the 

leaves of any whorl lie opposite to 

the intervals between the leaves of the whorls above and below it. 

Thos the leaves of alt«niato whorls are exactly above each other 

CFig.2). 

This arrangement, as in fact all relations of position, may be very 
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plainly exhibited by means of digrams (e. g., Figs. 3 and ii). Such 
a diagram conBiste of a groand-plan of the stem, regarded as being 
a cone, and looked at from above : the insertion of each leaf irill 
lie upon one of a series of concentric 
circles, and the higher the insertion of 
the leaf npon the stem, the nearer to the 
centre will be the circle of the diagram 
upon which its insertion is indicated. ' 

It maj be perceived ia the diagram 
Fig. 3, that when the leaves are arranged 
in alternate whorls they form twice as 
many longitndinal series on the stem as ■— d r a siem 

there are leaves in each whorl, provided, with&Kernuemo-iMveawiiarii. 
of conrse, that the number of leaves in "'"'"j ja*^''"''^^^'"^^"'^ 
each whorl is the same. The' longitu- 
dinal' series, which are indicated in the diagram by radii, are called 
orihottidiUs. 

This particular arrangement of alternate whorls of two leaves 
occurs very frequently, and is termed the decussate arrangement. 
The two leaves of each whorl are said to be opposite. It Js com- 
paratively rare for equal successive whorls to be superposed; that 
is, that the leaves of each whorl should lie exactly above or below 
those of the others, so that there are only as many orthostichics 
as there are leaves in each whorl. 



e, the Labi&tie, the Caprifo- 



EiMoplfa at deciiBsate leaves : the CarjopbjUac 
1iaoe«, to whioli belong 
BjriDga (Lilac), Loniceri 
(HoneTsnokle], and Som- 
bncns (Bldor) ; the Haple, 
the Horse-oheatnDt, aai 
the Aeh. In Bhaniiau ea- 
cAarti'ciu the two leaves oE 
each whorl are nsnalJy at 
a slightly diSereiit level. 

Alteniate whoria of 3 
(irrespoctiTely ot Sowers) 

niper, ill Catalpa, aod oo- 
oasionaU; in the Horse- 
chestnut and the Maple. 

When the leaves are arranged in a scattered manner it is easy to 
detect that, within a certain region of the stem, their divcrgenco is 




PAST I. — TH8 HOBPHOLOaT OF PUMT8. 



[Ss. 



constant ; that is, that the distance between any leaf and itn imme- 
diate predecessor and snocessor is a certain fraction of the circnm- 
ference. In the simplest case, when the direT^enoe is ^ (Fig. 4 A), 
starting frith any leaf 0, the iiuiertioii of the next leaf in suc- 
cession on the stem, which may be numbered 1, will be exactly 
opposite to that of the leaf 0, and the next leaf, numbered 2, will 
be opposite to 1 and exactly above 0. Thns there are two ortho- 
etichies'. In proceeding from leaf to 1, 2, 3, end so on, always in 
the same direction, the circnmference of the stem is traversed in a 
spiral which, in the course of each whole turn, touches the bases of 
two leaves and intersects the same orthostiehy. This spiral will 
pass through the insertion of every leaf, and as it does so in the 
order of their development, it is known as the genetic spiral. The 
Qomber of leaves through which the genetic spiral passes in its 
course between any two 
on the same orthostiehy is 
termed a ci/cle. When the 
divergence is \, the leaf 
numbered 3 comes exactly 
above leaf ; 4 over 1, 
5 over 2 ; and so on ; and 
there are three orthoBtich- 
ons lines, the cycle being 
composed of three leaves. 
It might be said with equal 
accuracy that the diverg- 
ence is -|, ainoe leaf 1 is dis- 
tant \ of tbe circnmference 
Lc., tbe ortboatiotoniliDM. from leaf 0, if the Spiral be' 
followed in the other direc- 
tion. If it be continued in this direction, it will pass round the 
stem twice in each cycle. For the sake of simplicity, the spiral is 
not traced in this longer way, but in the shorter way. When the 
numerator of the fraction of divergence is not 1, but some other 
rational number, the spiral passes round the stem more than once 
witbin the cycle, in fact, just as many times as is expressed by 
the numerator of tlie fraction of divei^ence ; the denominator of tbe 
fraction expresses the number of the ortbostichies. In Figs. 5 and 
6, which represent a constant divei^ence of J, it is easy to see that 
eight ortbostichies are present, leaf 9 being over 1, 10 over 2, and 
80 on ; also that the spiral rotnrns to a leaf on the same orthostiehy 
"'ter three turns, and thus goes thrico round tho stem in one cycle. 
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It it is required to determine the wraBgement of the leaves 
(phyllotaxis) on a stem, it is necessary to find the leaf wliicli ia 
exactly above the one, nnmbered 0, selected as a Btarting-point, 
and then to connt the number of leaves which ore me6 with in 
following' the shortw spiral ronnd the stem between these two 
leaves. The number of the leaf which lies in 
ia the denominator of the fraction of di- 
vergence, and the numerator ia the number 
of turns made by the spiral between the 
two leaves. 

When the nnmbw of ortbostichies is 
greater than 8, it becomes very difBcult to 
detect them, particularly when the leaves 
are closely arranged as in the rosetto of 
tlw Hanse-leek, the capitalnm of the Snn- 
flower, or as the scales in a Fir cone. 
Another set of lines lying obliqoely then 
strike the eye, called paraitickiei, which 
also ran round the stem in a spiral, but 
touch only some of the leaves ; for in- 
stance, in Fig. 6, the line which connects 
the leaves 3, 6, 9, and 12. It is evident 
that the number of parallel paraetjchieit 
must be as great as the difference between 
the numbers of the leaves in any one such 
line. Thus in Fig. 6, again, another para- 
stichy connects the leaves 2, 5, 8, 11, and so 
on ; and a third, the leaves 1, 4, 7, 10, eto. 
From this it is possible to deduce a simple 
metiiod for ascertaining the phyllotaxia in 
complicated cases: the parastichies which 
run piuallel ia one direction are counted, 
and the leaves in one of them are numbered 



ilt'x. .. w 
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nt or which have th* 

It direrganos ot | ; ths 

I le»ei o[ tba antetior varlmct 

an Isillcmted by their Inur- 

aocording to the above-mentioned rule ; by uona.thoMottiwpoueriorbr 
repe.tmgth.proc™> i. .n«ae, »jrten>o( SSrintST." 
parastichies which intersects the first, the ua ths eight orthosiiDbisa. 
number of each leaf will be found. 

The commonest divergences are the following: 

i. i, t. i, A. A. H- 

This series is easy to remember, for the numerator of each fraction 
is the sum of those of the two preceding, and it is the same with 
the denominators. 
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There are, however, divergences which are not included in this 
series, e.g., -J, •}•, f , etc. In some cases the construction of a spiral 
with a constant divergence is impossible, as in Salvinia. 
. The canses of this regularity of arrangement of the leaves lie 
partly in the mode of origin of the leaves at the apex of the stem 
and partly in the displacements which they undergo in the course 
of their subsequent growth. 

Instances of the divergence i : all Grasses, and the smaller branches of the 
Elm, the Lime, the Hornbeam, and the Beech ; in these, particularly in the 
last, the leaves undergo displacement, so that on the under side of the branch 
the divergence is less, and the upper side it is greater than }. 

Divergence of | is found in all the Sedges,, and in 'the branches of the Alder 
and Aspen. 

Divergence of } may be regarded as the most frequent ; it occurs in many 
herbaceous plants and in most of the smaller branches of the Willow, the 
Poplar, the Oak, the Bose, the Cherry, and the Apple. 

1 he acicular leaves of the Firs and Spruces usually have a divergence of f 
^^d ^ : g^ occurs very commonly in the cones. 

Finally, it may be observed that the genetic spiral turns sometimes to the 
right and sometimes to the left on the stem : in botanical terminology, a spiral 
is said to be right-handed when it runs in such a direction that if the observer 
ascended along it he would have the axis on his right ; and left-handed, when 
it runs in the contrary direction. 

§ 4. The Form of the Mature Leaf. A leaf is usually 
flattened horizontally into a broad surface ; it is thin, and of such a 
form that it can be divided by a perpendicular plane, the median 
plane, into two similar halves. The halves are usually counter- 
parts, like tho right and left hand, or an object and its reflected 
image; the leaf is then said to be symmetrical. Unsymmetrical 
leaves, the halves of which are not similar, occur in the Elm, and 
very conspicuously in Begonia. The lower or outer surface of the 
leaf usually differs from the upper or inner surface in structure, 
colour, hairiness, etc. As a rule the surface of the leaf is extended 
at right angles to the median plane, and also to the longitudinal 
axis of the stem ; but this original position is frequently altered 
by subsequent torsions. Decussate leaves, for instance, are often 
60 twisted that the upper surfaces of all of them come to lie in one 
plane, as in Philadelphus ; and on the horizontal branches of the 
Silver Fir the leaves that grow on different parts of the stem are 
60 twisted that their upper surfaces are all directed towards the 
zenith. Rarely, as in the Iris, the leaf is from the first extended in 
the median plane ittelf. 
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Departm-es from the ordinary flattened form of the leaf are found 
in the acicnlar leaves of the Spmce, in the oylindtical leaves of 
many species of Sednm and Mesembryanthemnm, and in the 
tabular leaves of Allium and Jnncus. 

The leaf is usually regarded as consisting of three parts : the 
gkeath, the ftalh, and the lamiva or blade. The skeath (Fig. ? v) 
encloses the stem at the insertion of the leaf, assuming a tabular 
or sheath-like form; it is largely developed in Orasses and Umbel- 
liferffi. The leafstalk oipetiole (Fig. 7 p) is narrow, nsnally semi- 
cylindrical or prismatic in form, and bears at its end the expanded 
blade (Fig. 7 Z) : occasionally, as in the Aaetralian Acacias, it is 
flattened and leafy, when it is termed a phyllode. These three 
portions are not, however, developed in all leaves. Many leaves, 
as those of the Maple and the Oonrd, have only petiole and blade ; 
others, as the Grasses, only sheath and blade. 
Frequently the blade only is present, as in the 
Tobacco and the Tiger-lily, when the leaf is said 
to be sesgHe, 

The stipules must be regarded as belonging 
to the sheath: when they are present the leaf ' 
is said to be ttipulate ; bnt they are frequently 
wanting, and the leaf is then said to be ex- 
tiipulaie. In ntany plants they take the place 
of the sheath and appear as two outgrowths at 
the base of the leaf (Fig. 8 Band Css). They 
are often similar in colour and teiture to the 
leaves, as in Willows, Peas, the Violet, and the 
Rnbiaceee, in which they are compound ; in « 
other plants, on the contrary, they a 
or brown, and fall off soon after the leaf i, 
folded, as in the Beech, the Elm, and the Lime. Sometimes a pair 
of stipules occur as well as a sheath, and they appear as teeth at 
the top of the sheath, as in the Rose. Occaaiona!!y the two stipules 
are connate, that is, they are more or less nnited : when they 
cohere by their outer margins they form an oppoeile stipnle, as in 
Astragalus, and when they cohere by their inner margins they 
form an axillary stipnle, ae in Houttuynia cordala : in the Polygo- 
nacesB they cohere by both their inner and outer margins, thus 
forming a sheath, termed an ochrea (Fig. 207 A o) which snrronnds 
the intemodo above the insertion of the leaf: when the stipules 
of opposite leaves cohere they form what are termed interpetiolviT 
■tipules, as is frequently the case in the Rubiacera. 
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Only IB bomparatiT^^ few plants does a liyul« occur; this is 
a email onl^rowtli from l^e npper (inner) Borface of ike leat, 
which is found in. the Grasses at the junction of the sheath and 
the blade (Fig. 3 A t), and also in th9 petab of maaj Sowers, as 
Ljchnia and Narcismis. 

In the case of most leaves it is obvious that their internal tissues 
are differentiated. The fundamental tissue, which is geuejall; 
green, the metophjll, is traversed hy bright bands, which are the 
fibro-vascnlar bundles or so-called veini. These nsuall7 project 
on the under surface, and when the leaf decays, remain for a time 
as a skeleton of the leaf. The distribution of these bundles, the 




t Pan or a. leaf of Gru* (Pm trMalit) with tba Ilffale i; i 
mlns of the lut B Lskf of k Willaw (Solii Copru) , a tU 
mina; kuUlBrybad{nal. aiie). C Lsal ol s Pes (PiMm ar 
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vetuUton, is characteristic of large gronps of plants. In the narrow 
leaves of most of the Uonocotjledona the veins are parallel, branch- 
ing rarely or not at all (Fig. 13 L), and they are therefore said to 
he parallel-veined ! while in nuuiy of the Dicotyledons only a few 
veins enter the leaf, which brwich frequently and anastomose, 
forming a rtticulaled vratatton. According to the ramification 
of the veins, tlte venation may he either pinnale (Fig. 9 A), that 
is to say, a median vein or mid-rib runs through the leaf and gives 
off severtd lateral branches, as in the Tobacco, Beech, and £lm ; or it 
may bepiZmii/e (Fig. 9 B), that is, the vein divides at its entrance 
into the lamina into a number of equal diverging veins, which may 
again divide, as in ihe Uaple and Ivy. 
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In descriptive Botany a nnmber of terms are nsed to describo 
the details of the insertion, the contonr, the apex, margin, and the 
segmentation of leaves. The most important are as follows: 

When the blade 
gpmiga iminediatelir 
tiom the stem the 
leaf ]3 «aid to ba 
leinU ^ amplexicaul, 
when it Bnrronads 
the whale, (rail nm- 
pUxtcatil, when it 
BtuToimda only halt 
ol the circmnferenoe 
of the stem at its in- 
tertion (Fig. 10 A. 
Thlapti per/olialuia); 
po'/oliate, when the 
ttro opposite margins 
of the base at the leal 
meet and coalesce on 
., ,-11 I*!". 9.— A Pinnate Tcnatian or Uie leaf oF the ] 

the opposite aide of ,„,„«,., „„^„i, niat^jTrtn,; b p»to 

the stem from the ie»to(^loli™Uta™l»art.(nat.Biw). 

point of insertion, 

e^., BapUvrmn Totundifoliam (Fig. 10 B], This foim must ni 

with connate leaTefl, in which case two leavfls growing at the same leTel o 

opposite sides of the stem nnite at their bases, t,g., tbe Hone.vsuckle {Lonicn' 

Capri/oliuni, Fig. 10 

C). 

In dtcumnt leaves 
leafy wings extend 
downwards from the 
insertion along the 
stem, which is then 
said to be miixged, 
e^., many hinds of 
Uallein (Yerbasonm); 
and the leaf-stalk is 
(ometimes iringed in 
the same wi^ by a 
downward growth of 
theUminft. 

The petiole Is oc 
cwdonaUy Jntert.d ^•*- W-~-ThB 
on the nnder side of ^^^^^^ 
the blade, which is 
that said to be ptltale ; bnt it ts nsnalty inserted at <t« lower edge, and is 
either sharply defined from it or gtadnally merges into it; an example of this 




nsertioo o( iMails lesiei. A amplexicanl leaf ot 
m. B perfoliate l«f of Buplxmiia TM<i>d\fi>)><™. 
of Lonictra Cafn/aiiMii. 
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latter mode is afforded by the cuneiform leaves of the Daisy {BellU perennU), 
A heart-shaped or cordate leaf is one of which the lower edge is deeply hollowed 
in the median line, whether it he sessile or stalked, e.g.j the Lilao (Syringa). 
It is arrow-sliaped or sagittate, when the blade is much prolonged on each side 
of this hollow, as in the Arrow-head (Sagittaria). As to the general form of 
the leaf, it said to be linear when the opposite edges are nearly parallel, e.g., in 
Grasses ; lanceolate^ when the leaf is at least four times as long as it is broad, 
e.g., the Bib-wort (Plantago) ;« elliptical, when the leaf is about twice as long 
as it is broad, e.g., the leaflets of the Bose ; ovate, when the leaf is at the same 
time broadest towards the base ; obovate, when it is broadest towards the apex; 
subrotund, orbicular, reniform, when it is both broad and somewhat heart- 
shaped, e.g.. Ground Ivy (Gleohoma) (Fig. 14 E /). 

The leaf is also described, according to the form of the apex of the blade, as 
being acute, when the lateral margins gradually converge at an acute angle, 
e.g., the Bib- wort ; as acuminate, when the apex tapers rapidly (Fig. 11 G), 
e.g., the separate leaflets of the Horse-chestnut ; or as odtuse or as emxirginate 
(Fig. IIB f ), when it is more or less indented at the broad obtuse apex, as in 
some kinds of Senna {Cassia obovata) ; as obcordate, when this indentation is 
deeper, as in the leaflets of the Woodsorrel (Oxalis) ; and as mucronate, when 
there is a sharp projection from the obtuse apex, as in the leaflets of Lucerne 
(Medicago sativa) (Fig. 11 Ff s). 

The margin of the leaf is either entire (Fig. 13 I*), as in the Forget-me-not 
and Tulip ; or it presents slight asperities, when it is said to be dentate (as 
in each segment of the leaf in Fig. 11 C) ; or it is sinuous, with sharp spines, 
as in the Holly (Ilex Aquifolium), when it said to be wavy ; or it i? serrate, 
with teeth directed towards the apex (Fig. 9 £), as in the Bose ; or erenate, 
with obtuse indentations, as in the Violet (Fig. 14 E f). If the margin be 
more deeply indented, the leaf is said to be incised, and the incision may be 
either palmate or pinnate, according to the mode of venation. In order to 
express the fact that the incision extends less or more nearly to the junction 
of the lamina and petiole in palmate leaves, oi to the mid-rib in pinnate 
leaves, different terms are used. Thus the leaf is said to be lobed and pinna- 
tifid or palmatifid, when the incision does not extend so far as half way (in a 
palmate leaf. Fig. 9 B) ; partite, when it extends about half way (Fig. 11 A) ; 
dissected, when it extends the whole way (pinnatisected. Fig. 11 C). 

Compound leaves are formed by the divisiom of the lamina into several smaller 
laminaB, connected by their secondary petioles (petiolules), which are called 
leaflets (foliola) (Fig. 11 /). The compound leaf, like the lobed or partite 
simple leaf, may be palmate or pinnate. In the former case it is called, ac- 
cording to the number of the leaflets (three, four, five, or more) ternate, 
quadrinate, quinate, etc. (Fig. 11 B is ternate), and by further division of the 
leaflets it may become biternate or tritemate, etc. {e.g.. Clover, Lupin, Horse- 
chestnut). In the compound pinnate leaf the separate leaflets are called pinna:, 
and are inserted on each side of the mid rib, otrachit (Fig. 11 Bf), which 
appears to be a prolongation of the true petiole (Fig. 11 D r). If the rachis 
terminates in a single leaflet, the leaf is said to be imparipinnate (Fig. 11 D t) ; 
but when it has no terminal leaflet, it is paripinnate (Fig. 11 E). According to 
the number of the pairs of leaflets, the leaf is said to bo bi- or tri-jugate, etc. 
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(Fig. 11 E). It is inttnuptedly pinnau when Iwgs anil amall pinun oconr 
altemately or irregDlarlj, ^B in Pottntilla Bfumno. When the pinnate Beg- 
pientation i« repeated, the leaf beoomos bi-'pinnate or tri-jiinnate (Fig. 11 H). 
Hany leaveB, b; a oombination ot palmate and pinnate arrangement, acqnira a 
liigUj oomplez oonfomtation, aa ia «een in man; nmbelliferom plants. 

LeaveB or portionB of leaves are oceaaionalljr tTansTonned into tendriU, vhiob 
Bra oTgans of attachment (see 1 18) ; tbu is the case with the rachis and with 




Tia. 11.— InciilOD o( Issth. p pctiolei ji* petlolnle: f leaflet; r rachli. A PalmatiDd 
leaf ot Oaruiliun. B Teroate leaf ot Olorer. PinnatiBected leaf of Pd]»iWT Jroenunw. 
OompouDd IcaTflB I D ImparlplnData, Hijjpoorfpit eomoia ; t Cermina] laafiet. SPari-ptnuat^, 
PMoiH t«tUietu ; a Ring nl the laehis. F Impailpiiiiiata asiJngBte leaf of Medlcago. 
Thlfl dlffen from B, wblah Ifl temate, Inaamoch ae tli« Moobdarf leaf-flCalkH p' do not all 
■prlng from aae paint, bnt the oommDn leaf-stalk p aitends befond the inurCIon rl Itaa 
■Ingle pair of pinn«. S Laat ofthe OranEre; the utianlallon o betireea tha blade and Cha 
Mnged petlola abows that It la a compound leal. H Bipinnaca leaf ot the Acaoia j 
t' Hcondar; racbla; /" leoondar; plniua. 
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ail or some of the pimue, in the Tetoh, Fea, and other allied plants (?ig. S C r* 
and Tf). Lees freqaently the lamina is metamorphosed into an aieidivpt, 
assnming the farm of a pitoher, as in Nepenthes. 

The teitnre of most leaTes may be aesoribed ae heriaetim*. LesTee cS this 
kind hut aeaall; for only a single eeaeon, and die oi fall off in the aatnmn. 
Iieave« ot firmer teitme, which aie said to be eoriaoeoat, survive the vdnter, 
and either tall off when the new leaves are developed (the Privet), oi oontinae 
to hve for several years, (Holly, Box, and most Conifers ; the aoionlar leaves of 
the latter may persist for as many as twelve years, (Silver Fir)}. Flethy or 
tuceulint leaves ooonr in Aloe, Sednm, eto. In many cases leaves are meta- 
morphosed into $pina : these are hard-pointed, 
woody (tmctorea, which, from their poution, may 
b« tecogniwd m being modiOsd leaves ; snoh are 
the leaves on tiie shoots ot Betberis (Fig. 12 a b], 
the stipules of Bobinia Pitndacaeia, the persistent 
petioles of many speoies of Caiagaua and Astra- 
gains. 

The relative positioa and the form of leaves in 
the bnd present many chaiaoteristio peculiarities. 

According to the greater or less breadth of the 
leaves, those whioh are contiguous to each other 
either merely touch at their edges {valvate prefolia- 
lion, or aitivation in the ease of flowers), or their 
edges overlap (imbricate prtfoliaUon) ; an inter- 
mediate fonn, known as the contorted or taitted, 
is to be tonnd, loi example, in the arrangement of 
the petals of the FeriwinUe; in this ease one 
margin of each leaf is directed obliquely inwards, 
and covers that of the next. As regards the form 
of the individual leaves in the bnd, called the 
vernation, it is distinguished as ptam, when the 
leaf is not folded; aa eonduplieatt, when the two 
halves of the leal are folded inwards from the mid- 
rib {e.g., the Bean) ; as plicate, when the leaf is 
folded in nnmerons longitudinal or slanting pleats (s.;., the Beech) ; as i;runip(<il, 
when the foldings and inequalities are in every direction (e.g., the petals of the 
Poppy) ; as fni'DEiit*, when the edges are rolled inwarda towards the midrib {e.g., 
the Violet) ; aa rteoluU, when they are rolled inwards towards the midrib on 
the lower surface («.;., Sorrel) ; aa convotuU, when the whole leaf is rolled up 
from one margin so as to form a single coil {e.g., Ganna) ; or as eireinate, when 
the leaf is lolled up fr«m the i^x downwards {e.g., Ferns). 




a leaT-eplns wiUi broad gnr. 
bee I b with a imaller Kuface ; 
1 1 uiUary bnOa (lut. ■!») . 



In lughlir organised and dlfierentiated plants man^ fonns of 
leaf-Btractnrea (phjllomes) may be distingniehed, for certain 
regions of the stem bear peonliar forms of leaves, which thongh 
differing in some reepecto, agree in their general characteristics. 
These are: 
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1. Fuliage haveg, nsoally known mmply as leaves (Fig. 13 L). 
This is the most general form. These leaves are conspicuona on 
aooonnt of thoir green colonr, and in accordance with their fonction 
(see § 33), they are exposed as mnch as poesible to the snn-light. 
If they are small they are very nnjnerons (Conifers), and the larger 
they are the fewer they 

are (Sun • flower, Panl- 
ownia). They always 
possess a well- developed 
lamina, which presents the 
various peculiarities of 
form previously described. 

2. Scales or cataphyllanj 
Teaoe#(Fig. 13 N). These 
ore osnally of a yellow or 
brown, colonr, of simple 
stractnre, withont project- 
ing veins, and attached to 
the stem by a broad base. 
They may be regarded as 
the sheaths of leaves, the 
petioles and laminm of 
which have not been 
developed; this is true 
even in the case of those 
plants the foliage-leaves of 
which Qfiually develope no 
sheaths. They always oo- 
onr OD subterranean Btcaa 
(e.g., the scales of the 
Onion), and sometimes on 
aerial stems. Many plants 
which are not green (Oro- 
banche, Neottia) prodi 




only cataphyllary leaves IbUig* leavea ; A <1 uu imaa i I> the HaRen in Uieir 
in addition to the floral "•'•i ""»'•■ 

organs. The most common form in which they oocnr npon aeri^ 
stems is that of scales investing the bnds of trees. In tliis case 
they are the lowest leaf-stmctnres borne by the annnal shoot, and 
usually fall off as the bad developee. 
Boma iudiganous ttee« have nalted buds without bcbIsb, m VVmrmua Lantana 
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kU or some of (he piitns, in the Tetcb, Pea, &nd other oUied plants (Fig. 6 C / 
and rf). LeBs frequently the lamina is metamorphosed into an aicidiitn, 
UBQiniDg the form of a pitcher, as in Nepenthes. 

The leitiLre of most leaves ma; be desoribed as herbaeeoat. lieaTea of this 
kind last nsnall; tor only a singla season, and die or fall off in the sntwnn. 
Leavea of firmer texture, which are said to be eoTiaoeinu, Burrive the winter, 
and either fall off wlien the new leaves ate dereloped (the Privet), or oontiniw 
to live for eeveral years, (Holly, Bo», and most Conifers ; the aoicular leaves of 
the latter may persist for as many as twelve years, (Silver Fir)). FUthy or 
Mucculmt leaves ooonr in Aloe, Sedum, etc. In many cases leaves are meta- 
morphosed into $pitui ! these are bard-pointed, 
woody stmatnres, which, from tbeit poeition, may 
be recognised u being modiiSed leaves ; «ach are 
the leaves on the shoots ol Betberis (Fig. 12 a b), 
the stipules of Bobinia Pieudacacia, the persistent 
petioles of many species ol Cuasona and Astra- 
galas. 

The relative position and the form of leaves in 
the hnd pre^nt many oharacteiistie peealiadties. 

According to the greater or less breadth of the 
leaves, those which are contiguons to each other 
either merely tonoh at their edges {nalvate prefolia- 
tion, or mettiaeion in the ease of flowers), or their 
edges overlap (imbricate pre/oltatinn) ; an inter- 
mediate form, known as the eontorled or taitted, 
is to he tbnnd, for example, in the arrangement of 
the petals of the Periwinlde ; in this case one 
margin of each leaf is directed obliquely inwards, 
and covers that of the next. As regards the form 
htrit xniiiarii, at Uie base of a of the individnal leaves in the bnd, called Qie 
ihoct ol on* peat's growth, vtmatien, it is distingnished as piant, when tiie 
g leaf-qitne with bread sur- ,^ j, ^^ foldedj as emdupUcaU, whan the two 
fSoei bwHjiasinaUsrgiirhoe; , , • .. , . . ,, , - , . .,. 

tkaxiUai? bods (oak siu). hiuves of the leaf are folded inwards from the mid- 
rib (e,g., the Beau) ; as flieate, when the leaf is 
folded In numerous loogitndinal or slanting pleats (e.g., the Beech) ; as trampUi, 
when the foldings and inequalities are in every dixectioa {t.g., the petals of the 
Poppy) ; as invobOe, when the edges are rolled inwards towards Ihs midrib {e.g., 
the Violet) ; u revoUtU, when they ore rolled inwards towards the midrib on 
the lower snrfaoe (<.j?., Sorrel) ; as eonvohtU, when the whole leaf is rolled up 
from one margin so as to form a single coil {e.g., Canna) ; or as circinaU, when 
the leaf is rolled up from the apes downwards (e.g.. Ferns). 

In lughlT- organised and differeniiated plants many forms of 
leaf-Btractures (phyUomes) may be distin^oiBhed, for certwn 
r^ons of the stem bear peculiar forms of leaves, whicb though 
differing in some respects, agree in their general characteristics. 
These are: 
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1. Fvltage leaves, usually known eimply as leaves (Fig. 13 L). 
This is the most general form. These leaves are conspionons on 
fieconnt of their green colour, and in accordance with their fnnction 
(seo § 33), they are exposed as mnch as possible to the enn-light. 
If they are small they are very aumerons (Cooifers), and the larger 
they are the fewer they 

«re (Snn- flower, Pnol- 
ownia). They always 
possess a vrell-developed 
lamina, which presents the 
varlona peciiliarjties of 
form, previonsly described. 

2. 8eale» or ealaphyllary 
Uavet (Fig. IS N). These 
axe lunally of a yellow or 
brown colour, of simple 
Btmctnre, without project- 
ing veins, and attached to 
the stem by a broad base. 
They may be regarded aa 
the sheaths of leaves, the 
petioles and lamina of 
which have not been 
developed; this ia tnie 
even In the case ot those 
plants the £oIi^e-leaves of 
which nsnally develope no 
sheaths. They always oc- 
cur on snbterramean sterna 
(e.g., the scales of the 
Onion), and sometimes on 
aerial stems. Many plants 
which are not green (Oro- 

, , vr ,.- \ 1 Fib. 13,— TliB Uirsa tornuot lonves onthe Stem Df 

banche, Neottia) prodnce u„(„tt™™i^u™(„i.s,„) ; j,o,e«»i™i lui« 
only cataphyllary leaves foUaga le&ves i H d the bntoU i b tba floiven in ibalr 
in addition to the floral •"■i""™'"- 

oi^ns. The most common form in which they occur apou aerial 
stems is that of scales investing the bnds of trees. In this case 
they are the lowest leaf-stmctnres borne by the onnnal shoot, and 
usaally fall off as the bod developes. 
Some mdiganoiu trees luve naked bods vithcnt scales, m Vibmiuiia LatOana 




If) PART I.— THE MORPHOLOGY OP PLANTS. | § .5. 

and Rhamnua Frangula, The following varieties of bud-soales may be dis- 
tinguished : 

a. No trae bnd-scales — the investment of the bud is formed by the stipules 
of the first foliage-leaf : Alniis incana and Liriodendron. 

6. The stipules possess laminae, and are covered externally by one or more 
simple scales : Poplar, Willow, Elm. 

c. The bud-scales are stipules without laminas : within them are stipules 

with laminsB, and there may be simple scales outside of them : Beech, 
Oak (or they may be absent), Birch. 

d. The bud-scales are simple leaf-sheaths without laminte; the foliage- 

leaves possess neither stipules nor sheaths ; Abietinea), Maple, Horse- 
chestnut. 

In a certain sense the cotyledons of Phanerogams, the leaves first 
developed from the seed, may be regarded as cataphyllarj leaves. 
These will be discussed at a later period. 

3. Hypsophyllary leaves or bracts (Fig. 13 Hd) belong to that 
region of the stem which bears the flowers. They are smaller 
than the foliage-leaves, and are inserted upon the stem by a narrow 
base (the glumes of Grasses). They nmy be green or of various 
colours. 

4. The Flower is a shoot, the leaf-structures of which have been 
modified into sepals, petals, stamens, and carpels. It is peculiar 
to Phanerogams, and will be discussed when those plants are treated 
of. (Part IV.) 

§ 6. Stem-structures or Axes (Caulomes), with the excep- 
tion of the primary stem of the seedling, which is derived directly 
from the oosphere, take origin from stems of older growth; they 
usually spring, as has been shown in § 3, from the axils of the 
leaves. As a rule, one lateral shoot is formed in the axil of each 
leaf, but sometimes more than one is formed ; when this is the case, 
file shoots are either situated one above the other, as in Gleditschia, 
or side by side, as in the bulbs of Muscari. All the shoots that 
originate as lateral buds are not necessarily developed into branches ; 
thus the buds which are formed in the axils of the bud-scales 
always remain undeveloped, ard are only incited to growth when 
the other buds are destroyed. Buds which thus remain undeveloped 
for a long period, often for years, are called dormant^ and tho shoots 
which are ultimately produced from them are said to be defarred. 

Adventitious shoots occur on old stems, and also on roots; fre- 
quently, for instance, on those of the Poplar; sometimes even on 
loaves, as in Bryophyllum and many Ferns. 

Buds which become separate from the parent plant before their 
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elongation has begxin, and produce new independent plants, are 
called bulbils ; snch are the bulbous buds in the axils of the leaves 
of Lilium bulbiferum, and in the inflorescences of species of 
Allium, etc. 

The typical form of the stem is cylindrical or prismatic ; in the 
latter case the number of the angles bears a definite relation to the 
arrangement of the leaves ; for instance, when the leaves are oppo- 
site and decussate, the stem is quadrangular. Irrespectively of the 
the thickenings of the stem at the nodes which separate the inter- 
nodes, a tumidity, the pulvlnus, usually occurs at the insertion 
of the leaf, which is very conspicuous on the branches of the Fir 
Poplar, and Ash. 

The difEerent forms of stems are determined by the period and 
direction of their growth, the length of their intemodes, the relation 
of their thioJmess to their length, the form of the leaves they bear, 
and by other factors. 

The soft herbaceous axis of annual plants is usually known as a stalk (caulis) ; 
the tenns trunk, hranchf and bough are usually applied to stem-structures which 
persist and increase in thickness for several years. The latter are built up of 
successive annual shoots; for, during the time when growth is inactive, which 
in our climate is in the winter, the apical and the lateral shoots remain quies- 
cent in the condition of buds. The lowest intemodes of each annual shoot are 
short, particularly those which lie among the bud-scales, so that the limit between 
the shoots of two successive years is easily recognised even m old branches by the 
close arrangement of the scars of the fallen bud-scales. The other intemodes of 
the annual shoot are longer nearer the apex, but are sometimes short again close 
beneath it, as in the Oak, so that the leaves and lateral buds are crowded below 
the terminal bud. When most of the intemodes are elongated, as has been 
described, the structure in question is an ordinary shoot : but on many trees 
there are also dwarf-shoots. These are annual shoots the intemodes of which 
have hardly elongated at all, and usually bear no lateral shoots ; such are the 
shoots bearing the fascicled leaves of the Larch, which spring from the axils of 
the leaves of an ordmary shoot of the same year : they usually elongate but 
sUghtly each year, but shoots of this description may, under certain circum- 
stances, develope into ordinary shoots. In the Scotch Fir. these dwarf -shoots bear 
only two green acicular leaves in addition to scales, and arise in the axils of the 
scaly leaves of an ordmary shoot of the same year's growth. In forest-trees, 
these dwarf- shoots occur especially in advanced age, or when their growth is 
stunted ; they are very conspicuous in the Apple and the Pear, and other similar 
trees, and are the only parts of the tree which produce flowers and fruit 

The stem of herbaceous plants is usually erect , but sometimes it is prostrate^ 
as in Thyme; when, in this case, roots grow from the nodes, it is called a creep- 
ing stem (soboles. Fig. 14 E). Stolons are long, slender, lateral shoots which 
grow close upon or under the surface of the soil and take root again at some 
distance from the parent plant {e,g,, the Strawberry, Fig. 14 D). Tunning 6i 
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climbing (Cent ue ttemg which prodnoa leaves and flowers, and at the Mtae tima 
grow npwoidB lannd npright supports (Fig. 15 B), aa the Hop, Beau, Convol- 
tdIub, and others (v. g 4S). Olhei plants olimb bj means of tendriU (ciirhi), 
>.«., Elendei, filiform, lateral shoots with oul; minute scale-lite leaves which' 
twist spirally roond foieiga bodies (Fig. 16 A), as in the Tine, Yiigiiua creeper, 
FaadoD flower, eto. 




Fis. 11— TarioDstOnuotateini. J Tnbaia ol HiKoitUiM ttAtnifiii Qnat. rite) > «1awsr 
part of ths alan 'pringiog front lut yBar^i taber ¥ i In the axiU of tha upper leaTU ariM 
On) badi Ik, and in thoH of the lowar laavat the taben t witb ver7 nuall acalj I«a*M and 
badi. B, Bulb or HyuiHthiu ortenlaUt (ledooad)) k tbs diaoold Uam, ■ the Kalea, • tbe 
■talk which BibHqnsntly elaDBatea and beara Ui« flowsnaboia gronnd. with tlie boda b i 
1 foliaga I«ar«a, « roola 1 tn an ailUary bud which becomm next year'* bnlb. CGlongated 
AlaomB ot Cone «marla(i); aoBly leavsaa of the rhlioma tj a erect thootwlth seal)' and 
lOUasa-laaifM t.-~D Bonner of the Sliawban7i FTaearla (reduced), ipringlnK from the 
plant a, with aealj learea a, from the axil of whish a new nnner b ailMa. I Creepiag 
Item of the Oronnd It;, Qltthoma }uitneH ^edneed) ( // denuMle leairea: (ha iuiemodM 
an twlited] a axlUai7 ■hoot) « not. 
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ittny axial strnctnres become thorm, being metamorphosed into hwii, sharp- 
ipnnted bodies. Sotuetimea the apex of a shoot ie Dio4ifled in this wa; after 
it Itta produced 
leaves, cf., ths 
Sloe (Fig. ISJ, or 
certain lat^ml 
ahootB are de- 
veloped as thorns 
from the first, aa 
in QleditBdiia, in 
which plant se- 
condary thoma 
also are developed 
from the axils of 
■oaly leaves. 

With regard 
to those snbter- 

monljr known as , 
roots, and bear 
tot the moBt 
liart oatapbjUary 
leaves, the most 
important va- 
rietiea are — the 
ThUotae, which 
differs bnt little 
from the ordinary ^^o. 11.—^ Pi 
typical stem; it ^'^^>^ " :J'*^ ^VP< 
■"^ . lowBT one hu beooi 

grows horizon- gpinii, , M petlolM 
tally onder the pecnlisr in that tbej 
earth's snrfaee, ipmuea, •, with Iwv 
and dovelopee 
Dew aerial, hsibaiiaons stalks and 
leaves every year (Fig 11 C) ; the tuft«r, which 
grows greatly in thickness and bears only miaata 
scaly leaves ; t.g., the tubers of the Potato and of 
Belianlhia lufimmu (Jerusalem Artichoke) (Fig. 
HAk): the bulb (Fig. U B), which conBists of a 
flat discoid axis (k) bearing nnmeroas crowded, and 
overlapping leaves (i) e.g., ths Onitm and Tulip, 
and the corn (Orocos) in which the axis is larger 
and the scales less numerous and more delicate. 

The form of stem which differs most widdy from 
the ordinary type is the phylloeladt, which re- 
sembles a leaf in its appearance, and IiearB only 
vecy NBall tnie leavea, t.g., the hrandlM «t Btuei 




Fib. It.— Thorn at the Bloe, 



FrvniH ipinoia, a branch, d 
laar-HBT, from Che axil ol vhicb 
the Chonj brsneh • gpring* ; 
on the thorn are// lesf-scars; 
in the aiU of Cha appar oos 1* 
ths branoh i, In that of the 
lowsr, the bnd fc. 

B and Fhyllanthns. In the 
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Cactus family there is the greatest diversity in the form of the stem ; it may be 
leaf-likei spherioal, cylindrical, columnar, etc. — ^but in all oases the leaves are 
rudimentary. 

§ 6. Development of Branch-Systems. Just as it is pos- 
sible to ascertain the laws governing the relative positions of all 
members growing in acropetal succession from a study of the leaves 
(which are always developed in that order), so the study of tlie 
branching of stems will lead to the general laws wliicli regulate 
branching. By hromehing is meant the production of similar mem- 
bers : — ^thus it is an instance of 
branching when a root produces 
a lateral root. Any member 
with its branches composes a 
hranch^system, and every branch- 
ing member is, with reference to 
its branches, the axis of a sys- 
tem. The following types of 
branch-systems may be distin- 
guished, according to the ar- 
rangement of the members : 

1. The branching is termed a 
Dichotomy or Polyotomyy when 
the direct apical growth of a 
member ceases, two or more 
growing-points 'vv^hich are equally 
vigorous, at any rate at their 
first development, being formed 
at the apex. The member which 

FiQ. 17.— Dlasfram of the various modes of , i-T •* i • n j j.i 

development of a Dichotomy. A One deve- bears the branches IS called the 

loped by bifurcation. BHellcoiddichotomy; base or podium, and each of 

here the left*band branch is always more .i v •• v ji 

vigorous than the right (r). c Soorpioid *^®8e branches may become the 

dichotomy; the right and left branches are base of a new dichotomy or 
alternately more vigorous in their growth. •. , rm. • 1 1 

polyotomy. They may either 
continue to grow with equal vigour, and then, in the case of a 
dichotomy, the branching remains distinctly bifurcate (Fig. 17 -4), 
or the system may become sympodiaX, if at each bifurcation one 
branch becomes more strongly developed than the other : in such a 
case the bases of the successive bifurcations appear to constitute an 
axis, which is called the pseud'axis or sympodium, on which the 
weaker branches appear as lateral branches (Fig. 17 B.G), The 
isympodium may consist oi bifurcations belonging to the same side 
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of the successive dichotomies, either to the left or to the right (Fig. 
17 B), when it is said to be a helicoid (hostrychoid) dichotomy, e.g,y 
the leaf of Adiantum pedatum, or it may consist alternately of the 
right and left bifurcations of successive dichotomies (Fig. 17 0), 
when it is said to be a scorpioid (cicinal) dichotomy, 

Dichoiomous branching is rather onoommon, and scarcely ever occurs in 
leafy shoots: it occurs in the roots of the Lyoopodiea and in the frondose 
Liverworts. 

2. The branching is said to be racemose when the member con- 
tinues to grow in its original direction, and produces lateral 
branches in acropetal succession behind its apex; it is therefore 
the common base of all the lateral shoots, and hence the system is 

termed monO' 
podial. It is 
evident that 
this mode of 
branching 
must occur 
in all stems 
the lateral 
branches of 
which are de- 
pendent, as to 
their position, 
upon the ar- 
rangement of 

Pig. 18.— Diagrram of a False Dichotomy or DIchasiam ; the Roman ±\^q leaves and 
namerala indicate tho order of development of the shoots of the ' 

system. Those numbered ir and IF are equally vigorous, and much are therefore 

more so than the primary axis I. (From Sachs.) developed in 

acropetal succession. Each branch may subsequently branch again 
in the same manner. The primary axis continues to grow more 
vigorously than the lateral axes, and each lateral axis stands in tho 
same relation to the lateral axes. 

3. The branching is said to be cymosey when at an early stage the 
growth of each lateral axis begins to be more vigorous than that of 
the primary axis above the point of origin of the lateral axis,' and 
when the lateral axis becomes more copiously branched than the 
primary axis. Hence two forms may arise : 

(a) there may he no pseud'OXia ; this is the case when two or more 
lateral axes are developed in different directions and grow with 
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nearly equal vigour (Fig. 18) and more vigorously than the primary 
axis, which soon ceases to grow ; such a system has a certain resem- 
blance to a dichotomy or polyotomy, and is called a fahe dichotomy 
(Dichasium) or a faUe polyotomy (Polychasium) : or ()8) a pseud" 
dxis is formed; this takes place when only one lateral axis developes 
vigorously in each case, as in Fig. 19 A, where the lateral axis 2 has 
grown more vigorously than the mother-axis 1, and so on. (In the 
diagram the dark lines indicate the more vigorous growth.) The 
pseud-axis which is thus formed is at first crooked, but in most cases 
it subsequently becomes straight (Fig. 19 A becomes B), If the 
stronger growth always occurs in the lateral shoots of the same 



/j- 





Tia. 10.->Cjmos8 branoliiiigs represented diagrammatically. A B Scorpioid (cicinsl) 
<^me. Diohafual cyme. D Helicoid (boBtrychoid) cjme The numerals indicate the 
order of succession of the lateral shoots which spring from each other, (Figs. A« B and D 
are ground-plans ; Fig. is a projection into the plane of the paper). 

side, the system is called a Jielicoid cyme (Fig. 19 D) ; if alternately 
in those of both sides, it is called a scorpioid cyme (Fig. 19 A B). 
Such a branch-system is said to be sympodial. 

As examptesof these varions modes of branching, the inflorescences, which 
will be treated of subsequently (Part lY.), may be especially mentioned ; the 
following are selected from the vegetative organs : 

Racemose branching is very evident in Conifers ; the trunk is always more 
strongly developed than its lateral branches, and these than their lateral branches. 

False Dichotomy is exhibited in the stem of Yiscum, the apex of which either 
terminates in a flower or else dies ; only the axillary buds of the two leaves de- 
velope into new annual shoots. As regards the arrangement of the annual shoots, 
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tbe sune oocnrs in Seringa, in wbioh the uillar; bnds of the nppHmost pajr o( 
leavea form the continaationB of the stem, whilst the terminsl bud dies ; also in 
Bhamnui cathartic uj, in nbioh the main ftiis is metamorpbosed into a thorn. 
Id this caw the branching of each anniul shoot is racemose, but tbe snocesBive 
ftnnnj.1 Bhoote form a eyme. 

Tbe snccession of the annnsl ahootB of man; trees, as tbe Biiob, Elm, Beeob, 
and Hazel, affords examples of the tsv^odial cyme ; in these, each annual shoot 
eitiier terminates in a Sover, or it dies, and tbe appermost lateral bnd forms its 
continaation. Heie also the branohing ol each annnal dioot, apart from its 

~§ 7. The term Root in its botanical sense is not applicable, as 
in ordinary parlance, to any subterranean part of a plant, but only 
to those members of a plant wbich are developed eodogenonaly, 
irliich. prodnce no leaves, and which 
have their growing-point protected by 
a pecnliar stmotnre, the root-eap (Fig, 
20 k). The outermost cells of the 
Toot-cap are thrown' off while new ' 
ones are oontinnally being formed at 
the growing-point. 

Boots only occnr m such plants as 
possess fibre- Titscnlar bundles, and 
they themselves invariably contain 
anch bundles ; only a few vascular 
plants are entirely destitute of roots 
(Salvinia, Lemna arrliixa, etc.). The 
term pi'imory root (tap-root) is applied ">^ f"™ "" potlcan'iiinin or the tap. 
^ ^, ^ ^ " - ^ ^ , , '^*; . , root of r«w P-li". n»iigitndinal 

to the root of a young plant which ^ „^_ , ti„„., j Fibrov»MniM 
lies in the same straight line as its bundiw. r oortei of ins main n»t. 

, ■ XL TT \ t^ ^ BoDt.cap of the latvral rooto. 

pnmaiy stem ; m the Vascular Uryp- 

tc^ams and in the Monocotyledons it remains small, and it is only 
in the Dicotyledons (to which group the Bean, the Tobacco, the 
Hemp, and the Oak belong) and in the Gymnosperms, that it 
attains a considerable size in proportion to the rest of the plant. 
All the other roots — the secondary and the advenlUimis — originate 
laterally upon the primary root, or from the stem, or even from 
leaves. They invariably originate from an internal layer of tissue, 
and then break throngh the external tissues. On anatomical 
grounds (§ 25), the lateral roots are arranged in longitudinal roivE 
on the main-root; at a later period, however, numerous adventitious 
roots are successively developed here and there between the original 
lateral roots. 




.—The side nratu n, tTirown 
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The primitive fonn of roots is that of an elongated cylinder ; only those roots 
which undergo a gradual growth in thickness and at the same time hecome 
succulent acquire a spindle shape, e.g.^ Beetroot, or exhihit tuherous swellings, 
e.g*, the Dahlia. The a^al roots of many tropical plants, such as Tree-Ferns, 
Orchids, and Aroids, which serve to attach them to tall trees and other supports, 
are physiologically different from true roots. So, too, are the climbing roots of 
the Ivy, which grow dose together from certain parts of the stem and remain 
quite short, serving as a means of secure attachment to walls and tree-trunks ; 
also the sucker-roots of many parasitic plants, e,g.. Dodder (Cuscuta), which 
penetrate the tissues of the plant which nourishes them. 

§ 8. Hairs or Trichomes are organs which are developed from 

the epidermis of a member. This category includes not only hairs 

in the strict sense of the word, such as will be described hereafter 

in § 29, but also many reproductive organs, such, for instance, as 

the sporangia of Ferns. 

PrickleSt such as those of the Bramble or of the Bose, 
are usually included among trichomes (Fig. 21). They 
differ from true hairs in that they are formed not from 
the epidermis only, but from the subjacent tissue also, 
but they agree with them in that they are not arranged 
in any regular order, and are not the result of the mo- 
dification of certain members (caulomes or phyllomes), 
as is the case with thorns and spines. Like the hairs they 
are merely appendages, the occurrence and arrangement 
of which does not materially affect the general structure 
of the plant. In order to indicate the fact that they are 
not developed in the same way as true trichomes, prickles 

Fi©. 2l.~Pricklet on gj^^ alUed structures (warts, tubercles, etc.) may be de- 
the stem of the Bramble, '.^^x^a ^^ » 
Ruhu. Jru^ico^ (nat. ^^^S^^e^ ^ Emergences. 

Bize). -^^ ordinary hairs may be simple, or compound, they 

may be stellate, they may be hardened and elongated 
(sefcfls), or they may be glandular. According to the nature and number of the 
hairs upon it, a surface is said to be pubescent (the flower-stalks of the Prim- 
rose), pilose (leaves of the Sunflower), hirsute {Myosotis sylvatica), setose 
(Borrage, Echium), villous (Anemone Pulsatilla), tomentose (leaves of Petasites 
nivetu and spurius), silky (leaves of Salix alba), woolly (Stachys germanica). 
If there are no hairs upon it, it is said to be glabrous, 

§ 9. The body of the lower plants (Algaa, Fungi, and many 
Liverworts) exhibits no differentiation of stem, leaf, and root. It 
possesses organs which serve, Hke the roots of the higher plants, to 
fix the plant to the soil and to absorb nutriment, and frequently it 
exhibits branchings which resemble leaves ; but these structures do 
not properly belong to the two categories as defined in § 1. Such a 
body is termed a Thallus. A thallus may, and very frequently does, 
bear true trichomes, such, for instance, as root-hairs. 




PART II. 
THE AITATOMY OF PLANTS. 



§ 10. Tlie members of tlxe plant wHcli have been described in 
Part I. agree, as to their internal structure, in this, that they all 
consist of cells or of structures formed by the modification of cells. 
The cellular structure of the parts of plants may be easily observed: 
a section seen with even a low magnifying power shows cavities 
separated by walls. Sometimes it is possible by mere pressure to 
separate the cells forming a tissue, as in the case of the ripe Snow- 
berry (fruit of Symphoricarpii^ racemosus), when they appear as 
closed vesicles filled with fluid. Certain cells always occur isolated ; 
thus the pollen consists of isolated cells. The form and develop- 
ment of cells, the mode of their combination to form tissues, and 
the resulting texture of the tissue, may vary greatly. Since the 
variety of the tissues depends upon the development of the cells 
composing them, it will be advantageous to study cells, as such, 
first, and then the tissues. 



CHAPITER I. 
THE CELL. 

§ 11. The Structure and Form of the Cell. In a well- 
developed living cell the following three principal constituents may 
be distinguished : 

(1). A firm elastic membrane, closed on all sides, the cdUwall 
(Fig. 22 G A), which consists of a substance peculiar to itself, called 
cellulose, 

(2). A layer of soft substance, the protoplasm, lying in contact 
with the inner surface of the membrane, and, like it, closed on all 
sides; this always consists of albuminous substances (Fig. 22 Op). 
In all the higher plants at least, a nucleus (Fig. 22 Ok) occurs 
imbedded in it. 

25 
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(3). A watery fluid, the ceU-tap, whicli fills the whole space, 
called the vacuole, enclosed by the protoplasm (Fig. 22 C a). 

The same cells in which these three parts may be distinguished, 
present, in their yonng state, when they are very muoh smaller 
(Fig. 22 A), qnite 
a different appear- 
ance. At this period 
the protoplasm fills 
the whole cell ; the 
cell-sap makes its 
appearance in the 
course of develop- 
ment, at first (Fig. 
22 B) in the form 
of small drops. 
These, while the 
whole cell increases 
in size, gradually 
increase also and 
coalesce; while at 
the same time the 
bsJidB of proto- 
plasm which se- 
pioate them are 
absorbed into the 
peripheral layer. 

In this way these 
cells attain the con- 
dition in which they 

TM t9 — Ptrmchjnift eclli from the oortioftl layar of th« nut remain until the 

yonng sella Ijinit oloH to the apei of tharool, etill wlthonl * 

oell-up. BOllaof thtuiiiedaKripiloiiBboaCImDi.iboTatha of which they form 

■p«i of thB root: the cs1l.»p . form, .opmnw drop. In tba p^^^ fj^^y. maybe 




proloplaei 






le deKriplioii at 



ft fWmt vlBiTi tbe luge call to the left below Is In of the Cells which 
eeclloiii the cell lo the lifttat sbore ie opened by the eecUoD; , 

the aoclene ehowe, nader tb« Inflnencs of the ponBtr«tlnB Compose the BUCCn- 

irMw, apeonlikr ftppeuuioeof iKrelliUK IsvJ. (Copied trom lent parte of plants, 
8"0ht) ,^ 1.x. ^ 

such as the cortex 
of stems and of roots, and fruits. Other cells, ae for instance those 
of wood and cork, pass beyond this stage and become still further 
modified; the cell-sap and protoplasm disappear, so thai at last only 
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air or water is contamed within their walla. Bnt whilst cells dt tiM 
former class, furnished with protoplasm, are capable of carrying on 
osmotic and chemical procesBes, and, under certain conditions, of giv- 
mIIs, — that ia to say in short, of living, — mature wood- 



longer capable of performing these 



cells, devoid of protopli 
functions ; they are 
of nse only in yirtme 
of the firmness and 
other physic^ pro- 
perties of their 
walls. Hence the 
protoplasm is to be 
regarded as the 
living body of the 
cell. Indeed, there 
are cells which, ^i 
when first formed, 
consistonly of naked 
protoplasm, and 
they occur precisely 
in connection wit^ 
the most important 
vital function of 
the onanism — tliat 
of reproduction. 
Snob cells are 
termed primordial 
eelit (rig. 37 B). 
They subsequently 
become surrounded „„, M._Tario« to™, ot ciu. a Th. ma or . b«t-fiW 

by a membrane wlthitronglf thickeEedplltoaifkllBaangitDdinBlBaotlon X 300). 

by the protoplasm, item of Hilianthiuluti>ronii(i< SOO] cat open st tbelop. At a 
Prom this it ap- «>'ll'>>i»™i»in«oft»i*»Uorbedi«pt»»r«vi«ibl«. 

pears that the cell-wall, as well as the cell-sap, is a product of the 
vital activity of the protoplasm. It has been attempted to express 
the essential characters of the cell by describing it as a mast of 
liotng protoplatvt. which usually miTTOundi itself tuith a firm membrane. 
Mid takes up fluid into itself. 

Various as the internal arrangements of the cell may be, ito size 
and form may vary qnite ss widely. While some cells are so small , 
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that little more tlian their outline can be discerned witii the help 
of the strongest magnifying power (abont O'OOl of a millimetre in 
diameter), others attain a considerable size (from 0*1 to 0*5 milli- 
metre), so as to be distingmshable even bj the naked eye (for 
example, in the pith of the Dahlia^ Impatiens, and Elder (Sam- 
bncos)). Many grow to a length of several centimetres, as the hairs 
npon the seed of Gossypinm (cotton) ; others finally, as in some Algse, 
where the whole indiyidnal consists of a single cell, attain still larger 
dimensions. 

The Form of such cells as constitute an entire individual is often 
nearly spherical, or ovoid, or cylindrical ; but they may also exhibit 
a highly complex conformation, in consequence of the assumption of 
quite different forms by the various outgrowths of one and the 
same cell* The various organs of highly organised plants consist 
of very different cells, and even in the same organ cells lie side by 
side which are of very different form, and which are filled with 
somewhat different contents, for diverse functions have to be per- 
formed by a single organ* The cells in such a case are sometimes 
spherical or polyhedral, with nearly equal or slightly differing 
diameters (Fig. 22 (7, as in pith, in juicy fruits, and in fleshy tubers) ; 
sometimes greatly elongated and at the same time excessively narrow 
(Fig. 23 A and B), as in wood, in bast-fibres (Flax), in many hairs 
(Cotton). Longitudinal rows of cells frequently combine to form a 
special organ by the absorption of the transverse septa which 
separate their cavities (Fig. 23 0): it is thus that the vessels, as they 
are called, are formed. (See § 22.) 

§ 12. The Cell-wall consists of cellulose, water, and inorganic 
constituents. It originates and grows in consequence of the secre* 
tion of these substances by the protoplasm. The growth of the 
cell-wall takes place both in extent and in thickness ; it is effected 
by the intercalation of additional particles of solid matter between 
those already existing in the membrane.* 

By its superficial grotuth the surface of the membrane and con- 
sequently the whole volume of the cell, is increased ; so much so 

* Thii mode of growth by intercalation of new solid particles between the 
existiiig particles is known as intussusception, and is essentially different from 
appositiont — that is to say, the deposition of new particles upon the surface of 
the growing body, as in crystals. This phenomenon is closely connected with 
the idea that in the cell-wall, as in starch granules and other organised bodies, 
the solid particles most be oouceived of as being sorroonded on all sides by 
water. 
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that the volume of the cell not anfrequently becomeB a hondred- 

fold greater. Thns, for instance, in a leaf enclosed in a leaf-bsd, 

the cells, of which it will consist when 

mature, all exist already, and it is hy their 

simnltaneoiis increase in volame that the 

leaf attains its nltimate size. In the rare 

cases in which the superficial growth is 

equally great at all points, the cell preserves 

its original form bnt nsnally the cell-'wall 

grows more Tigoronsly m certam parts than 

m others thng, for instance a primarily 

sphencal cell may become cnbical tabnlar 

oylmdncal, tnbnlar fnaiform, and so forth 

The gronth m tMelness of the cell waU i°S"«'""'* (ifWteach.) 
IS also rarely aniform the cell wall commonly becomes more 
thickened at some pomts than at others and thus acquires in 
eqnahties of surface In the case of isolated cells or of free cell 
walls the prominences existing in this v/aj on the external sur 
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face appear as warts, tubercles, knots, etc. (Fig. 24). Cells that 
Dxo united to form tissues have their inequalities on the internal 
surface of the cell- wall ; the prominences sometimes have a defi- 
nite form and project into the interior of the cell ; such are thp 
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annular (Fig. 25 r) and spiral thickenings (Fig. 25 s) of the walls 
of certain vessels ; in the so-called reticulated cell- walls, the thicken- 
ing is in bands which are nnited into a network, so that circnlar or 
oval thin spaces are left. In other cases, solitary and relatively 
small thin spaces are left in the wall in the conrse of the growth in 
thickness, which appear, when seen on the external surface, as 
bright spots, commonly called pits, and are seen in section to be 
canals of greater or less length, according to the relative thickness 
of the walls (Figs. 26 and 27). Very frequently the pit, when seen 
from the surface, presents the appearance of two concentric circles 
(Fig. 23 G) ; for this reason, that the opening of the canal into the 
interior of the cell is narrow, whereas the external opening is broad. 
Such bordered pits occur in the wood-cells of Conifers (Fig. 42) ; in 
the walls of many vessels (Fig. 23 G) ; and elsewhere (Fig. 41). 
The scalariform thickening of the walls of many vessels arises from 
the regular and close arrangement of bordered pits which are much 
elongated transversely. 

The cell- wall shows indications, in many cases very plainly, of an 
intimate structure which depends upon the regular alternation of 
more and less watery layers ; this displays itself in transverse and 
in longitudinal section as concentric stratification (Fig. 27), and on 
the surface as striatimi. 

Thin cell- walls generally consist, as regards organic substance, 
entirely of cellulose, which assumes a blue tint on the addition of 
iodine and sulphuric acid. In thickened walls it frequently happens 
that certain parts, composed of successive layers, consist of modified 
cellulose. The principal modifications are the following : — 

(1). The cellulose may be converted into cork (cuticularized). 
The cuticularized cell- wall is extensible, highly elastic, almost im- 
permeable to water ; it turns yellow when treated with iodine and 
sulphuric acid (examples, the ceUs of the epidermis and of cork, 
pollen-grains, spores). 

(2). The cellulose maybe converted into lignin. The ligneous 
cell-wall is hard, inelastic, it is easily penetrated by water, but it 
does not absorb much ; it turns yellow when treated with iodine 
and sulphuric acid (examples, wood-colls). 

(3). The cellulose may be converted into mucilage. The muci- 
laginous cell- wall is, in its dry state, hard or homy; it can 
absorb a large quantity of water, and at the same time it increases 
greatly in volume, becoming gelatinous ; it usually turns blue with 
iodine and sulphuric acid (examples, linseed and quince mucilage). 
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These modifications may occur either singly or together in the 
different layers of one cell- wall. 

Mineral matters are also frequently deposited dnring growth in 
considerable quantity in the cell- wall, particularly salts of lime and 
silica ; they are usually intercalated between the solid organic par- 
ticles of the cell- wall, so that they cannot be directly detected, but 
remain after burning as a skeleton which retains the form of the 
cell. Silica is present in the stems of Grasses and of Equisetaoese. 
Calcium carbonate sometimes occurs in a crystallized form (as in 
the epidermis of the Urticeee), and calcium oxalate also in well- 
defined crystals (§ 18, Fig. 34). 

§ 13. The Protoplasm consists principally of albuminous sub- 
stances (proteids), water, and a small proportion of ash constituents. 
As it is the seat of all the vital phenomena and nutritive processes 
of the cell, it mast obviously contain within itself at different times 
all the other chemical constituents of the organism. Sometimes it 
appears homogeneous and transparent, but it is generally more or 
less granular in consequence of the presence of drops of oil, of 
starch grains, etc. It is of a tenacious consistence, sometimes firm, 
sometimes almost fluid, but it is never a true fluid. When the 
protoplasm encloses granules, an outer layer free from granules can 
be detected, which is frequently very thin ; this is called the ectO' 
plasm, the inner granular portion being known as the endoplasm. 
Frequently a part of the water which saturates it collects to form 
vacuoles ; when these coalesce and the cell-sap fills the greater part 
of the cavity of the cells (Fig. 22 C s), the protoplasm forms merely 
a layer within the cell- wall, which has been termed the primordial 
utricle. Living protoplasm wiU neither absorb colouring matter 
dissolved in water, nor allow its passage, but dead protoplasm has 
no power to hinder its diffusion, and even takes it up in considerable 
quantity. 

The nucleus, on account of its constitution and position, is essen- 
tially a part of the protoplasm ; it is apparently wanting in certain 
groups of lower plants (in some Fungi and Algee). It contains one 
or more much smaller bodies called nucleoli (Fig. 22 A k k). 

The movements of the protoplasm are among the most remarkable 
of phenomena. In many cells currents may be perceived which 
flow from the nucleus outwards, towards the peripheral protoplasmio 
layer {Ciraidation) ; or the whole peripheral layer of protoplasm is 
In rapid movement along the walls of the cell (JRotation), Naked 
primordial cells, as for instance, swarm-spores and antherozoids^ 
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Bwim abont in the water in whicli they lire, rotating at the same 
time on their own axes. The so-called plaemodia of Hyxomycetes 
exhibit an anueboid morenient ; that is, the naked mass of proto- 
plasm oontiimally changes its ontline, new protmsions are thrown 
ont from the central mass, whilst others are withdrawn, and it thus 
moves slowly bom place to place; at the same time a rapid motion 
of the granoles within the mass is going on. 

§ 14, Crystalloids. Sometimes a part of the protoplasmic 
substance assumes a crystalline form ; bodies are formed which are 
bounded by plane surfaces and which have am angular outline, 
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bearing a very close resemblance to certain crystals, for the most 
part cubical, octahedral, t«trahedral, or rbomboidal (Fig. 28) ; but 
they we essentially different from true crystals, inasmuch as they 
are capable of swelling-up, that is to say, of increasing considerably 
in volume when treated with vuions reagents. Such crystalloida 
occur, for instance, in the tuber of the Potato, in the aleurone- 
grains of oily seeds, in red marine Algie, etc. 

§ 15. Aleurone-grains. In oily seeds more especially, the 
protoplasm is aggregated into spherical grannies of various sizeo, 
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which lie in a matrix of albmninous and fatty matter. These are 
the Proteid- or Aleurone-grains. These grantdes consist of albn- 
minons substances, and abnost always enclose other bodies (Fig. 
28 0); these are the above-mentioned crystalloids, and peculiar 
small round bodies, the globoids, which consist of donble phosphate 
of lime and magnesia. These bodies may occnr separately or together 
in the alenrone-grains, according to the kind of plant. In seeds 
which are rich in starch, the spaces between the large starch-grains 
are filled with similar but much smaller grannies (Fig. 29). 

§ 16. ChlorophylUcorpuscles. The green colour of most 
parts of plants is pro- 
duced by the presence of 
green grannies, called 
Chlorophyll-corpuscles, in 
certain cells (Fig. 30). 
These are composed of a 
colourless ground - sub- 
stance, throughout which 
a small quantity of a 
green colouring-matter 
called Chlorophyll is dis- 
tributed. If this colour- 
ing-matter be extracted 
by a solvent, such as al- 
cohol, the colourless cor- w 
puscle remains unaltered 
in size and form. The 
corpuscles are always im- 
bedded in protoplasm, and 

their DTonnd-Rubstance is ^'®- SC-Chloropbyll-corpuEcles in the protoplasm of 
ineir grOUna-SUDSrance is ^^^ ^^^^ ^^ ^^ prothaUium of a Fern. A Optical section 

only a specialised portion of the ceils ; B part of a ceil seen from the surface. 

of the protoplasm. The S*^"'® *^^ ^® corpuscles have begun to divide. 

corpuscles do not always occur in the form of granules ; in some of 
the lower Algae the whole of the protoplasm, with the exception of the 
ectoplasm, is coloured green; in others, the coloured part of the proto- 
plasm assumes a stellate form (Fig. 76 A), or it exists in plates (Fig. 
76 B C) or spiral bands (Fig. 40 cl). These green-coloured portions 
of the protoplasm are all included under the general term, chlorophyll- 
corpuscles. Under the influence of sunlight starch-grains are formed 
in the interior of these chlorophyll-corpuscles, which often grow so 
large that the substance of the chlorophyll-corptiscle is only discern- 
ible as an extremely delic<*ite layer covering the contents (Fig. 31). 
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Tbe ultimate fate of the cbloropliyll-corpiiscles is to be absorbed, 
as happens, for instance, in the cells of leaves before thej fall, and 
nothing then remains bnt small yellow grannies. 

The green coloniing-matter, the chlorophyll, is mixed, in many 
families of Algse, with other colonring-matters, and the coloured 
protoplasm appears bluish-green, olive-green, dnll yellow, or red. 
Occasionally the chlorophyll itself nndergoes modification and be- 
comes red or yellow, and the form of the corpuscle changes at the 
bame time, as in the ripening of many fmits, which are at first 

tfiC\ green and then become yellow or 
^ ™ red; e.g., the Tomato (Lycoperaicum 

^S^ J^ bM^ esculentum). 

^|r m^ W^ Closely related to the chloro- 

f ^^ ^^ phyll-corpnscles are those proto- 

^'** /^^^ ^MB plasmic bodies which are tinged 

5i••^•^ ^^^^ # ^^ with a yellow colonring-matter. 





J^*M.^ xfflSP^ ^ ^^ and cause the yellow colour of 

JJ mBr many flowers; e.g., the Dandelion 

(^Taraxacum ojfficinaUa). 

Fio. SI. — Sepftrate Chlorophyll -cor- t xt. i 

pi»ei« with .ta«Jiy contmu f-im th. ^ ™a°y <»s«8 the green colonr 

leaf of Fttnaria hytromtlrtea (660). a A of different parts of plants is dis- 

CSTiw^. ca^ori^',^ ^«d by the presence of other 
in which the starchy contents fill almost colouring-matters which are in solu- 

the whole space, /and g after maceration ^^^^ ^ ^^^ cell-sap, as in the leaves 
in water by which the sabstance of the j i* -u tt* • • 

corposcle has been destroyed and only the of AmaranthuS and of the Virgmian 

starchy contento remain. (After Sachs.) Creeper at the end of the summer. 

§ 17. Starch-grains are small hard granules, usually round, 
oval, or lenticular, consisting of starch, water, and a small propor- 
tion of incombustible ash, which occur in certain cells of almost all 
plants. The tubers of the Potato, the seeds of cereal and of legu- 
minous plants are especially rich in them. They can be extracted 
by maceration from the organs in which they occur, and then ap- 
pear to the naked eye as a white powder, which is known as Starch. 
Starch belongs, like Cellulose, to the carbo-hydrates. It may be 
easily shown that each grain consists of two substances, of which 
the one, OranuLose^ can be extracted by saliva or by dilute acids, while 
the other, Starch-cellulose, remains as the skeleton of the grain. 
The former turns blue with iodine alone, the latter only after treat- 
ment with strong sulphuric acid. When boiled with water or when 
treated with potash, the grains swell enormously and form a paste. 
The substance of the starch-grains is always disposed in layers round 
a centre, the hUum^ and this disposition in layers, as in the case of 
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cell-naliB, is tlie lesjilt of the regular altematioii of dense layers 
with more watery layers. The hilom is the most watery portion of 
the whole grain. From their first appearance the etarch-grains are 
firm, solid bodies. So long as they continue to grow, they are al- 
ways connected with the protoplasm of tihe cell ; it is only at a later 
stage thai they lie free in 
the cavity of the cell. Their 
growth does not proceed by 
the deposition of new layers 
npon the exterior, bat by the 
intercalation of new particles 
of solid matter between those 
which already exist. Besides 
the simple griuns (Fig. Z2 A), 
componnd grains occur, which 
are formed by the develop- 
ment of new hila in an or- 
dinary grain, each with its 
own system of layers (Fig. 
32 D). If, in such a caae, the 
external layers which enclose 
the whole mass are of con- 
siderable thickness, the grain 
is said to be Bemi-compound 
(Fig. 32 JB). By pressure 
the componnd grains may be 
split np into their component p^?. "f, 
grannies. The so-called spn- partiBiir 
rionsly-compoimd grains are T'^>.*~^'-/h"' """" ^~^ ""L^l. "' 

J r 6 which bu dividea ; a a verr joung giafn, b u 

very similar to these ; they older groin, c s MUI older gniu wUh divided 

consist of several grains which ^^"^ (Copied from bmIib.) 
have become adherent in conseqnence of mutual pressure ; they 
occur frequently in chlorophyll-corpuscles (Fig, 31). Starch- 
grains are formed in plants to be subsequently consumed in the 
processes of growth and of nutrition ; they are frequently stored tor 
a long time in cei'tain organs, aa in seeds, ioot«, and tubers, and 
when they are required for consumption on germination or on a 
renewal of the growth of the plant, they are absorbed. The 
forms of the starch-grains are characteristic in different kinds of 
plants ; thus those of the Potato (Fig, 32) are eccentrically oval, 
those of leguminous plants (Fig. 29) ooncentaically oval, those of 
Byev Wheat, and Barley lenticular. 
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§ 18. Crystals (see also p. 31) are frequently found in the cells 
of plants : they sometimes consist of calcium carbonate ; for example, 
the crystals in the protoplasm of Myxomycetes and the crystalline 
deposit in the cell- walls of certain UrticeeB. In these plants there is 
generally a peculiar club-shaped ingrowth of the cell- wall of certain 
cells which projects into the interior of the cell, in which the cal- 
cium carbonate is deposited : these are called Cystoliths. All the 
other crystals hitherto recognised consist of calcium oxalate, which 
crystallises in two systems according to the proportion of water 
which it contains ; to the one system, the quadratic, belong the 
octahedra (Fig. 33 Jc), to the other, the clinorhombic, belong the 
acicular crystals, which are called Baphides, and which occur, united 





PiQ. 84.— Crystals of cal- 
cium oxalate in the wall of 
the bast'Cells of CephalotaoeuB 
Fortunei ( x 600, after Solms). 



Fig. 83.— CrystalB of calcium oxalate in the cells of the petiole of a Begonia ( x 200). 

h Solitary crystals ; dr cluster. 

into large bundles, particularly in Monocotyledons. Besides well- 
formed solitary crystals, aggregations of them also frequently occur. 
These crystals are formed in the protoplasm, from which they sub- 
sequently find their way into the cell-sap (Fig. 33), as w6ll as in the 
cell- wall, particularly in the wood of Conifers (Fig. 34) ; and also 
in Lichens, on the free outer surface of the cell- wall. 

§ 19. The cell-sap saturates the cell- wall, the protoplasm, and 
the whole organic structure of the cell ; it usually also collects in 
the interior of the protoplasm so as to form vacuoles or a single 
large sap-cavity. It is a watery solution of various substances: 
salts are never absent from it ; in certain cells of many plants (as 
the Sugar-cane, the Maple, and the Beet-root) it contains large 
quantities of cane-sugar, which can be extracted from it by a re- 
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fining process ; in tlie cells of many kinds of frnita, aa the grape and 
others, it contains grape-sngar. Besides these substaaces, tannin 
and innlin occur, as well as acids, snch as malic acid in the apple 
and other fmits, citric acid in lemons, etc. It also contains the 
colonring-mattere of most red and blue flowers (Erythrophyll and 
Anthoeyanin), and of many fmite, as the cherry and elder berry, 
vith many other snbetences. 

§ 20. The Development of 
Celts always takes place in such 
■wise that the whole or part of tho 
protoplasm of a cell already existing, 
the mother-cell, undergoes re-arrange- 
ment. The following are the prin- 
apal modes of cell-formation ; 

I. Cell-division. The protoplasm 
of the mother-cell separates into two 
or more parts, each of which consti- 
tutes a new cell. The division of 
the protoplasm is nsnally preceded 
by that of the nnolens. 

Cues in nbicit the protoplaBm has been 
observed to divide hefore the nnclena occur 
in the development ot the gporea ot An- 
thoceroB and of the maorospores ot IsoStes. 

In the simplest case of cell-division 
the nnclens divides into two, the i 
protoplasm does the same, and a ' 
cell- wall is formed in the phme of 
. division. In other cases the secondary nuclei and their investing 
protoplasm may i^in divide before any cell-wall is formed. 
Finally, the formation of a cell-wall 'may be postponed until the 
division of the nuclei and of the protoplasm has been repeated aa 
indefinite number of times. The varieties of cell-division which 
thus arise may be arranged as follows : 

1. In growii^ vegetative organs, a division of the cell takes 
place, snch that the whole of its protoplasm, without any rounding- 
off or contraction, is divided into two parts: the new wall is formed 
between the two masses of protoplasm only along the plane of divi- 
Bion (Fig. 35). The wall is sometimes formed simultaneously at all 
points of the plane of division, as in the development of stomata. 
and sometimes, as in certain Algsa, e,g., Spirogyra, it grows as a 
ring from without inwards. 
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2. The formatioa of the cells which snbserve reproduction (see 
§ 55) is always accompanied by a rounding-ofi of the protoplasm, 
which takes place either before or daring the formation of the new 
wall. In this case the wall is always formed over the whole snrface 
of the yonng cella, though this often occnrs somewhat late. 

a. The whole protoplasmic contents of the mother-cell may be- 
come aggregated aronnd four newly-formed nuclei ; this process 
occurs principally in the formation of the pollen of phanerogamous 
plante (Fig. 36), and in the formation of the spores of Moeeee and 
Vascnlar Cryptogams. The details of this process are not the same 
in all cases. In some (development of the pollen-grains of Mono- 
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cotyledons and of the miorosporas of Isoetes) the nnclens of the 
mother- cell divides into two, and this is followed by a corresponding 
division of the protoplasm, a cellnloee wall being formed between 
the two cells. Each of these now divides in the same manner, in a 
plane at right angles to that of the first division, and thns the fonr 
special mother-cells are produced lying in one plane. In other 
cases (development of the pollen-grains of Dicotyledons, of the spores 
of Mosses, Ferns, and Eqnisetnins) the nnclens of the mother-cell 
divides into two, and each of these secondfuy nnclei divides i^in 
into two, iEe divisions taking place in planes at right angles to each 
other and to that of the first division; as a consequence, the fonr 



I20.J 



OHIFTEB I.-'-^HH cell. 



39 



Bnolei do not lie in one plane, bat are arranged tetrahedrall j. Cell- 
voIIb are now formed, ao ih&t four special mother-cells are produced, 
la &e case of the poUan-graiua of Dicotj-ledons, the wall of the 
primary mother-cell tbickena and grows inwards at certain points 
(Fig. 36 I') so as to conBtrict the protoplasm somewhat, and the 
newly-formed walls become attached to these projections. In all 
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cases each of the fonr sperital mother-cells sarronnds itself with a 
proper wall which becomes the coat of the pollen-grain or of the spore. 
b. The number of the nnclei derived bj repeated division from the 
nnolens of the mother-cell before any cell-wall ia formed is indefinite. 
Each of them becomes snrroimded by a portion of the protoplasm. 
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It is in this way that the zoospores of many Algm and Fnngi are 
formed (Fig. 38), and it is usually not until some time after their 
escape from the mother-cell that they become clothed with a cell- 
wall. The spores formed in the asci and sporangia of Fungi (Fig. 
39) are also developed in this way, but in this case the cells are always 
invested by a cell- wall before they are set free from the mother-cell. 
A further example of this is to be found in the development of the 
endosp6rm-cells in the embryo-sacs of phanerogamous plants. 

This mode of cell-formation is known as free cell-formation^ but the sense in 
which this expression is now used is very different from that in which it was 
originally employed. It was supposed that, in these cases, the secondary nuclei 
were formed de novOj but recent researches have shown that they are deyelo|)ed 
in the mauner described aboye. 

II. Rejuvenescence, The whole protoplasm of the mother-cell may 
undergo rejuvenescence, when it contracts and reconstitutes itself as 




Fig. 40.— Conjagation of the cells of Spirog^Ta(x 400). A The cells of two filaments 
which are prepared for oonjagation. At a the filaments have begun to swell towards each 
other. The spiral bands of chlorophyll are recognisable at cl, and the nucleas at K. At B 
the protoplasm of the cell p is f nsing with that of the other p'. At C is a perrectly-f ormed 
Zygospore Z. 

the new protoplasmic body of a daughter-cell, which subsequently 
surrounds itself with a new membrane. It is in this manner that 
the single swarm-spores of many AlgsB are formed, as in Vaucheria, 
Stigeoclonium, CBdogonium (Fig. 37), as well as the oospheres of 
Cryptogams. 

III. Conjugation. In conjugation the protoplasmic contents of 
two or more cells coalesce to form a new cell, which acquires a 
membrane. This process occurs in a typical manner in varioas 
PTOups of Alg83, e.g., Spirogyra (Fig. 40), and of Fungi. 

The formation of new cells does not therefore necessarily imply 
an increase in number ; this is the case only when division into two, 
four or many cells occurs; in the process of rejuvenescence the 
number is unaltered, and in conjugation it is actually diminished. 
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CHAPTER XL 

THE TISSUES. 

§ 21. Those combinations of cells are designated Tissues which 
are governed hj a common law of growth. According to their 
arrangement in space, the following combinations of cells may be 
distinguished : 

A. Filaments, where the cells are connected only by their con- 
tignons ends, and so form a filament, e.g,, many Algse, as Spirogyra 
(Fig. 40), CEdogoninm (Fig. 37), and many hairs (Fig. 62 a d). 

B. Surfaces, when the cells form a single layer and are in contact 
in two directions of space (length and breadth), e.g., many Algse 
and the leaves of many Mosses. 

C. Masses, when the cells are in contact on all sides. 

The tissues commonly consist of cells which have originated from 
common mother-cells by their repeated division into two, and which 
have been connected from the first in consequence of the mode of 
formation of the septa (Fig*. 35). In a few special cases tissues 
are formed otherwise (spurious tissues); either cells which have 
been hitherto isolated become adherent and then continue their 
growth in common, or filaments consisting of rows of cells become 
interwoven and exhibit a common 
growth, without however having 
become adherent in every case 
(Fig. 39 sh). 

§ 22. The Common Wall of 

cells combined into a tissue is, in the 
first instance, usually extremely thin 
and delicate, and appears under the 
strongest magnifying power as a 
simple plate (Fig. 35). As it in- 
creases in thickness a middle lamella 

• -vi /-CI' A^\ ^^^* 41.— Transverse section of the 
usually becomes visible Qi< Ig. 4i;, cortical cells of Trichomanes «p«ctoimni 

which divides the wall into two (x 600). Middle lamella (m).- iithe 
_j. ii I.' 1. «^^«^^«4.i^ irs^ cell-wall adjoining tlie lamella; I cell 

parts, one of which apparently he- ^^^.y ,t bordered-pite which meet in 

longs to each of the contiguous cells, adjoining cells; the pits on each side are 

This middle lamella is nothing more divided by the middle lamella, 
than a specially differentiated part of the wall which belongs to 
both of the cells in common. Its chemical composition, which is 
difEerent to that of the remainder of the wall, permits of its 
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solution (in nitric acid and chlorate of potash), so that the in- 
dividual cells may be separated. When the common wall of similar 
cells is pitted, the pits on each side accurately meet (Fig. 41 1) ; if, 
however, certain cells of a tissue undergo a special modification, 
as in the vessels, the unequal thickening of the membrane is 
confined to one side only of the common wall ; in the case of spiral 
thickening of the cell- wall this is self-evident. 

The bordered-pits, which are characteristic of the wood-cells of 
Conifers, demand special description. The membrane which 
separates the cavities of the pits does not lie in the centre as a 
continuation of the cell- wall, but inclines to one side or the other, 
and lies over one of the canals (Fig. 42 B s): there is thus a 
lenticular cavity in the wall which opens freely into one of the 

two cells, but is shut off from the other : 
the membrane is so delicate that its 
presence may easily be overlooked. The 
formation of a bordered-pit is effected by 
the thickening of the cell- wall round a 
small area which remains thin (the per- 
sistent membrane), the middle lamella 
being prolonged- so as to surround the 
cavity of the pit ^Fig. 42 B m). 

In certain cases the septa between the 
cavities of adjacent cells become wholly 
or partly absorbed, as, for instance, oc- 

Fio.42.-Bordered.pitsonthe casionally the thin partition between 
woody fibres of the Pine:-! seen bordered-pits ; the transverse walls of 
!^i!^!^r«!^tIrL^^^ such cells as combine to form the vessels 

8 the persistent meinorane{ m 

the middle lamella; Can earlier are wholly absorbed, if they lie at a right 
stage, in section, t the com- ^ngle to the long axis of the vessel (Fig. 

mendnffpUCx 600, diagram). » ^ .r. 

zo U a 0); if they lie obliquely, they are 
broken through in various ways. In a similar manner the trans- 
verse septa (and more rarely isolated areas on the longitudinal wall 
also) of the sieve-tubes (§ 25, Fig. 47 B) are perforated by closely - 
set and very fine open pits, and are then known as sieve-plates. 

The thin part of the wall which separates the pit of a vessel 
from a contiguous living cell may frequently recommence its 
growth, and protrude into the cavity of the vessel. Cells which 
thus grow into neighbouring vessels are termed tullen : they may 
subsequently undergo division so as to fill up the whole vessel. 
They occur commonly in wood. 




§ § 23, 24.] 



CHAPTER II. — THE TISSUES. 



4S 



Such cavities as liave thus originated by the absorption of cell- 
walls and the consequent coalescence of two cells, and which con- 
tinne to be sitrronnded by the walls of the original cells, are com- 
monly called cell-fusions. They are nsnally tnbniar, and are formed 
by the absorption of the transverse septa throughout whole rows of 
cells. They are not unfrequently branched, and they may anas- 
tomose. The true vessels of plants, as well as the laticiferous 
vessels, are examples of cell-fusions. 

§ 23. Intercellular Spaces are lacunaa between the cells of a 
tissue. They may be formed in two ways, either by a splitting of 
the common wall of adjacent cells, or by the disorganization of 
certain cells. They 
contain either air or 
certain peculiar sub- 
stances. 

The intercellular 
spaces which contain 
air are usually formed 
in consequence of the 
splitting of the com- 
mon wall of adjacent 
cells (Fig. 43 z). They 
occur almost exclu- 

FiG. 43.— Intercellular spaces (s) betvreen cells from the 
sively between the stem of ZeaMaia\x 660); yto the common wall. (After 

thin-walled cells of Sa^^) 

succulent parenchyma, and usually at the angles of junction of a 
number of cells. Sometimes these spaces — ^then called air-chambers 
— attain a considerable size, so that whole masses of tissue are 
separated from each other, as in the petioles of the Water Lily 
and of other aquatic plants. The cells which border upon these 
cavities often throw out protuberances into them (also in Aspidium) 
which are known as " internal hairs." 

The large cavities in the stems and leaves of Juncus and of other 
allied plants, are produced by the disorganization (i.e., the diying- 
up and rupture) of considerable masses of cells : this is true also 
with reference to the cavities extending through whole intemodes 
of many herbaceous stems (Grasses, Umbellifersd, Equisetacess), 
and those occurring in leaves (Leek). 

The intercellular spaces which contain certain peculiar substances 
will be treated of in § 28. 

§ 24. Forms and Systems of Tissue. There are usually 
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rra.M— Proiei 
tlmui, loagltitilinB 
gmm, mago'iBea), ih 
•DdB fli tbe eloDBBted 
bMwsan each other. 



in plante nomeroiiB Bimilar cdls -which differ from those that 
snrroimd them, tuid which are combined bo as to constitiit« a 
distinct /urm of tutue, characterized by those properties which the 
cells possess in common. According to 
the form, and relative position of the cells, 
two forms of tissue may be diatingTiished ; 
parene!it/ma (Figs. 22, 29, 33, 43), in 
which the cells are not ranch longer than 
they ore broad, the surfaces along ^rhicb 
they are in contact being relatively broad ; 
proieneliyma (Fig. 44 and section Fig. 41), 
in which the cells are ranch longer than 
they are wide, and their ends overlap. 
ihymatoDB When the walls of the cells are mnch 
•^^'min^ thickened, the tissue is called »eleren- 
j( nt in ekyma (see p. 58) ; this may be either 
parenchyraatons or prosenchymatous, ac- 
cording to the forra of the cells. When all the cells of a tissue have 
ceased to divide and have assumed their definite form, ii is called 
fermantnt tissue. A tissue in which, on the contrary, the ceUs are 
. stdl dividual that is, that cer- 

tain daughter cells continue ' to 
divide and subdivide whilst the 
others are being converted into 
permanent tissue, is called a 
generating tissue or TMrittem. 
The enumeration here given 
only mcludes the most import- 
ant forms of tissue , many other 
technical terras will be made 
use of in describing the tissues, 
as circumstances may require. 

When several different tissues 

occur m one plant, as m vasctUar 

plants m general, they are ar< 

In » ranged into gystemt of tissues 

™* which then compose the whole 

lut, plant, their arrangement bears 

a definite relation to the member 

cur. Three such systems of tissues 

are nsnally met with : (1) tho epidermal, which covers the exterior 




Tu 41— The three Rj-ateme ol 
oroH eecdon o( the petiole of 1 
{ X 10) > epidernli a fnndamim 
/ nbro TUculu ijaCem sijlem { 



of the plant in which they « 
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of the plant, and usually consists of a single layer of cells (Fig, 
45 e) ; (2) the fibro-vascular (Fig. 4ibf), which traverses the body 
of the plant in the form of bundles, and is characterized by the 
presence of sieve-tubes, vessels and of fibrous prosenchymatous 
cells ; and (3) the fundamental tissue^ which fills up the rest of the 
space (Fig. 45 ^), and consists principally of parenchyma. 

The same form of tissue may occur in various tissue-systems: 
thus both parenchyma and prosenchyma occur in all three tissue- 
systems, and there is no difl&culty in recognising to which one 
they belong in each case. Certain tissues and peculiar cells — 
for instance, such as serve as receptacles for various substances, 
secretions, etc. — ^when they occur in the two internal tissue-systems, 
have so much in common that it may be expedient to consider them 
by themselves. 

§ 25. The Fibro-vascular System extends throughout the 

body of the higher plants in the form of strands or bands of tissue 
which are called ^ftro-voscttZar hundles. When the cells which com- 
pose them are lignified, and are harder than those of the funda- 
mental tissue, as is usually the case, they may be easily separated 
from it ; for instance, if the leaf-stalk of the Plantain (Plantago 
major) be broken across, the bundles project as tolerably thick 
threads from the fundamental tissue, and by the decay of this 
tissue they may be wholly freed from it. They form the venation 
of leaves, and when the leaves decay they persist as a skeleton. 
In many water-plants, however, the tissue of the fibro-vascular 
bundles is softer than the surrounding tissues. In many cases the 
fibro-vascular bundles are so closely packed, and they become so 
strongly developed in consequence of the continued increase of their 
tissue, that very little of the fundamental tissue remains in the 
compact mass which they form. The wood of trees, including the 
bast, is an instance of such a fibro-vascular mass. 

The arrangement and the course of the fibro-vascular bundles 
are intimately connected with the morphology of the plant, and 
with the differentiation of its members. In most leaves the fibro- 
vascular bundles lie in those projections of tissue which are known 
as veins. In the petiole and stem, and generally in all organs 
which grow especially in length, the fibro-vascular bundles run 
longitudinally : thus a transverse section of a stem or petiole (Fig. 
45) exhibits transverse sections also of its fibro-vascular bundles. 
The bundles of the leaf and stem are so closely connected that even 
at the first development of the leaf at the apex of the stem, the upper 
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and of each band I e bends ontwar^ into a leaf, while tie lower portion 
is continned downwards 
into the stem and 
coalesces with older 
bandies. Thns the 
fibro-vascnlar bnndles 
traversing the stem 
may be regarded as 
being merely the lower 
portions of those which 
, come from the leaves — 
I lenf-traces, and the 
whole bnndle is said to 
be eommon (i.e., to both 
leaf and stem). The 
course of these bundles 
in ihe stem is very 
Tarions ; it may in 
general be referred to 
of three types, 
■which are, however, 
connectod by iuteime- 
djato forms : 

,— Diosmn ol tbs coaru of the fibro-voscnlar ,. -. ~,, , _,, 

n (terns. A Lon([ltndln»l aecUoa tbrougb the '•'-) *"* DnnOieS 
I of a PBlm-atem, Bhofrlsg s Iruuvane ■eoUon a[ bait coming front the leaves 




otic. Tbeli 






ID of CarMtinin (hypothelli 



which 

' runs down into the 

stem (this type occnrs 

Tba bimdle proceedlne from each UaT divides into Cwo 1^^^ rarely, in certain 

abon the leal immediaielj beloir IC, and the ^irancbea ot , , , -it 

■U tUe bundle, nniw to form the four thin bmdlee «bich Water-plantS and a few 

alternata in the eection Kitb the thicker one*. In the Fems). 

eeMlon, » is the pith, r the cortei, e the medallar; ray. ,~ , mt VmnrH™ 

The iTlam in the flbio-iuetilac bandlea ie indicated b; '.''.' ^"^ DUnoies 

■iindins. coming from each leaf 

are nnmerons; on entering the stem side by side, tltey tend towards 
the middle of the stem; then they bend ontwards and thin ont 
gradn^y as they descend, coalescing at a point much lower down 
(Fig. 46 A). In the transverse section of sncb a stem, the fibro- 
vascnlar bandies appear irregnlarly arranged ; those nearest the 
centre are the thickest. This arrangement prevails among the 
Uimoootyledons, particolarly the Palms, 
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(3.) The bnndles of eacli leaf, which are less miineroxis than in 
the foregoing type, bend downwards soon after they have entered 
the stem, and run down the stem parallel to each other at about an 
equal distance from the axis, branching and anastomosing par- 
ticularly at the nodes (Fig. 46 B), The transverse section of 
such a stem exhibits the bundles arranged in a circle more or 
less nearly concentric with the circumference, and dividmg the 
fundamental tissue into two portions : the inner, included within 
the circle of fibre- vascular bundles, is the pith or medulla (Fig. 
46 B m) ; and the outer, lying between this circle and the epidermis, 
the cortex (Fig. 46 J? r). Those portions of the fundamental tissue 
which lie between the fibre- vascular bundles in the circle, and 
which therefore connect the pith and the cortex, are^ called the 
medullary rays. This arrangement occurs principally in Dicoty- 
ledons and Gymnosperms. 

Bundles which belong exclusively to the stem are termed cauline 
bundles; they are such bundles as cannot be regarded as direct 
prolongations of those of the leaves. They are present in the 
Ferns and the Rhizocarps, in the Lycopodieae, and in Selaginella; 
but they occur only rarely in Phanerogams, and then in aquatic 
plants, such as Hippuris, GaUitriche, Myriophyllum, Elodea, 
Naias. 

Roots differ so widely from stems and leaves in the structure 
and arrangement of their fibro-vascular bundles, that the con- 
sideration of them must be postponed for the present. 

A well-developed fibro-vascular bundle consists of two kinds of 
permanent tissue: the Xylem or Wood and the Phloern or Bast. 
Excepting when special circumstances give rise to other conditions, 
the walls of the wood-cells tend to become lignified and their 
cavities to be filled with air : these cells constitute the firm but 
brittle portion of the bundle. In the phloem there is a tendency 
to the formation of softer and more flexible cell- walls, which are 
but slightly lignified, and the cells retain their sap. Those fibro- 
vascxdar bundles which consist only of these two forms of tissue 
are incapable of any further growth, and are said to be closed; 
whereas those which possess in addition a layer of generating-tissue 
(meristem), the Cambium^ throughout their whole length, which, 
by the active growth and division of its cells, increases the bulk 
of the xylem and of the phloem between which it lies, are said 
to be open. 

The xylem (wood) of a fibro-vascular bundle (so long aa it 
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has not been added to by the activity of tlio cambiom) conslste of 
tlie three following' eleineats : 

(1.) True veetelt (tracheas, duets) : they sre formed from rows o! 
saperimposed cells, the transTcree walls of which have been more 
or less absorbed. According to the mode in which their longi* 




Fi8. i,7.—A. Tnui>i8r» uotian n( m open flbro-TMcntar bnndls In tli« stem of the 
BaaflDRer. UPilb. XXflezo. CCamhiom. PPUo«m. S Conei i • ■mall, wid / large 
■pfrsi veeeelgj t pitted ieaa«Ui I'pitud veaaelHln conrte of formMioii; hwoad-Sbrw! A 
^eiO'tatMBj b liBM.flbrea ; < bundlS'BtiHCh; <c inUr-fuciculif ounliima. B Bodial Tartlckl 
HCtioii tbrongb a almllar bundle iKHoawbiit BimpUfledJ IMtered like the formar. 

tadinal walla have been thickened, they are distinguished as spiral, 
reticnlate, annular, scalariform, or pitted vessels (Fig. 47 B 1 1' and 
Fig. 25 «) (Fig. 47 B t C and Fig. 23 0) : their contents are air or 
wator. 
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(2.) Much lengthened, narrow, profienchymatooe cells ; the woorf- 
eeUt or fibres (Fig. 4,7 B h and Fig. 23 B). 

(3,) Parenchjmatoos cells, fonning the Aoood-parfmcliyma, and 
still containing protoplaem ; frequently they are wanting. 

The bast in like n 




Ifl from the stem at Zia JH a<i 
ii of the ■tarn; p pBtenclijinataas 
grmmd-tiuaa ^ g^ tvro large pitted TanelB; ■ epinl TeflBel; r ring ot ftu Bjinalar reual; 
1 air-space formed by mptore, nm-oooded b/ tbiu-walled wood-oells. Bfltween the tiro 
leaselB g ; lie Hnaller reticalUed Teneli and TeueU irith bordered-pit«. Tfaeeo elements 
conEtitata the ij'lem ; tlia phlMm la eompoeed of soft bast, n. The whole bundle la anr- 
Toonded b; •> ataeatli of thlck-wsUad, lignified, proaench^metona oalla beloogiDg to Che 
^TOOnd-UaaiLe. (After Saetia.) 

(1.) Vascular elements, the gieve-tuhet, which have thin side- 
Trails, but thick transverse septa, perforated by closely-set, open 
canals; they are filled with albuminons substances (Fig. 47 B sb). 
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(2.) Prosencliyinatoiis elements, tlie host-fibres, wliieli are often 
long and mnch thickened, but flexible. 

(3.) Elongated, prismatic, thin- walled cells (Phloem parenchyma): 
these cells remain in the prunitive condition in. which all the 
cells of the phloem originally were : they are also termed cambU 
form, and, together with the sieve-tubes, are known as soft hast, in 
contradistinction to the thick- walled bast-flbres, the hard hast. 

These different kinds of cells are more or less fully represented 
in a section of a fibre- vascnlar bnndle, their proportional nnmber 
varying with the part from, which the section is taken, and with the 
nature of the plant. 

By far the most frequent arrangement is, that the xylem and the 
phloem in each bundle He one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem lies 
towards the periphery (Figs. 45, 47, 48, 50). This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend outwards into the leaves without any twisting, and are distri- 
buted in one plane, the phloem of the bundles Hes towards the 
under surface of the leaf and the xylem towards the upper surface. 
Exceptions to these relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bundles gives 
rise to an arrangement similar to, but sometimes more complicated 
than, that of the stem. In open bundles the cambium lies between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of the xylem towards the centre of 
the stem; and the outer portion, towards the phloem, consists of 
reticulated and pitted vessels, which are the largest of all. the 
elements of the xylem. The grouping of these vessels as regards 
each other, the woody fibres, and the parenchyma cells, is ex- 
tremely various; those shown in Figs. 47 and 48 are only spme 
examples. The innermost annular and spiral vesigfelp are the first 
formed in each fibre- vascular bundle, and alread/ exist before the 
contiguous portion of the stem has attained its definitive length ; 
they grow with its growth, and, since they cannot undergo any 
further transverse division like the other elements of the bundle 
which are as yet undifferentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the periphery, 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
(Figs. 47 and 48). 
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The following deviations from this, whicli is the eommonest ar- 
rangement (the oollaleral) of the phloem and zylem, as well aa of 
their constitnentB, may be mentioned : 

In naay plants, e.g^ Qonrds and L^nm, a second layer of 
phloem is fband within the zylem ; in moat Ferns the phloem com- 
pletely enclosea ibm ^lem, forming a ring (eimeenirie arrangement), 
and seTend gronps oF afixal TesseU lie within tho xjlem, from 
which the devebpinent of th* zylem 
proceeds. /; , * i 

The iibre-Tascnlar bundles of tho 
root differ most widely from the 
stmctare above described. It is, in 
fact, impossible to speak of separate 
bnndles in the root ; a cylindrical mass 
of fibre- vftscnlar bimdloa, sometimes I 
hollow and containing a pith, occupies 
the axis of the root (Fig. 20). In 
this, several zylem handles are regn- 
larly distributed (Fig. 19 A g), and 
alternating radiiJly with them lie an 
equal nnmber of phloem bnndles (Fig. 
49 A h). In Dicotyledons the nomber 
of these bnndles is small, usually 2, 3, 
or 4, rarely 5 to 8; in the Monocoty- 
ledons it is nsnally larger. In each 
zylem bundle the spiral vessels, which 
are here the oldest constitoents, lie 
nearest to the periphery. The ex- , 
temal layer of the fibro-vascolar i"" 
cylinder is known as the jieric(ini&w)it, xfiaa 
and remains for a long period capable bmkdiei. b ti 
oE development and growtJi. The ^ 
mdiments of the lateral roots are ly bwt ; > cork— sughuy m ag tiitia d. 
nsnally formed from this pericam- <^'"' S*"""* 
binm in Phanerogams, exactly opposite to the sylem bnndles 
(except in Grasses and Umbellifers), bnt la Cryptogams (except 
ER|Tiisctnm) from cells of the eododermia ; thns, irrespectively of 
the adventitious roots which are formed later, there are as many 
rows of lateral roots on a main root as there are sylem bnndles 
in the fibro-vascolar mass. The lateral roots, in the coarse of 
their development^ have to penetrate the cortex of the mother-root 
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(2.) ProseQchymatous elements, the hasUfibreSy wWeli are c^en 
long and much thickened, but flexible. 

(3.) Elongated, prismatic, thin-walled cellis (Phloem parencTinfma): 
these cells remain in the prrmitive condition in which all the 
cells of the phloem originally were : they are also termed eamhU 
form^ and, together with the sieve-tubes, are known as soft hast, in 
contradistinction to the thick- walled bast-fibres, the hard hast. 

These different kinds of cells are more or less fnlly represented 
in a section of a fibro-vascnlar bnndle, their proportional number 
varying with the part from which the section is taken, and with the 
nature of the plant. 

By far the most frequent arrangement is, that the xylem and the 
phloem in each bundle He one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem lies 
towards the periphery (Figs. 45, 47, 48, 60), This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend outwards into the leaves withont any twisting, and are distri- 
buted in one plane, the phloem of the bundles lies towards the 
under surface of the leaf and the xylem towards the upper surface. 
Exceptions to these relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bundles gives 
rise to an arrangement similar to, but sometimes more complicated 
than, that of the stem. In open bundles the cambium Hes between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of the xylem towards the centre of 
the stem; and the outer portion, towards the phloem, consists of 
reticulated and pitted vessels, which are the largest of all the 
elements of the xylem. The grouping of these vessels as regards 
each other, the woody fibres, and the parenchyma cells, is ex- 
tremely various; those shown in Figs. 47 and 48 are only spme 
examples. The innermost annxdar and spiral ves$el^ are the first 
formed in each fibro-vascular bundle, and alread/ exist before the 
contiguous portion of the stem has attained its definitive length ; 
they grow with its growth, and, since they cannot undergo any 
further transverse division like the other elements of the bundle 
which are as yet undifferentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the periphery, 
and the sieve- tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
(Figs. 47 and 48). 



S "-5.} CHAPIEB U.— THB TISSUES. 51 

The following devutiona from this, which is the commonest ar- 
rangement (tha eollalerat) of the phloem and xjlem, aa well as of 
Huia coostitaents, may be mentioned : 

In naof plants, e.g., Gonrds and Lycinm, a second layer of 
phloem is foaad within the zylem : in most Ferns the phloem com- 
pletely encloses tb* jjlem, forming a ring (emeentrie arrangement), 
and sereral groaps of ^ral vessels lie withia tho xylem, from 
which the development of tiM s^leu 
proceeds. /V i _ *. * 

The fibro-Tascnlar bundles of the 
root difEer most widely from the 
structure above described. It is, in 
fact, impossible to speak of separate 
bnndlea in the root ; a cylindrical mass 
of fibro-vasonlar bundles, sometimes 
hollow and containii^ a pith, occnpies 
the axis of the root (Fig. 20). In 
this, several xylem bnndlea are regu- 
larly distributed (Fig. 49 A g), and 
alternating radially with them lie an 
eqnal number of phloem bandies (Fig. 
49 A b). In Dicotyledons the number 
of these bnadles is small, nsuatly 2, 3, 
or 4, rarely 5 to 8 ; in the Monocoty* 
ledons it is usually larger. In each 
xylem bundle the spiral vessels, which 
are here the oldest constitnente, lie 
nearest to the periphery. The ex- 
ternal lay< 
cylindt 

and remains for a long period capable 
of development and growth. The 

rudiments of the lateral roots are Brjijwti * <»rit-Htiigiitir nagniasd. 
usually formed from this pericam- ' 

binm in Phanerogams, exactly opposite to the xylem bundles 
(except in Grasses and TJmbellifers), but in Cryptogams (except 
Bquisetum) from cells of the endodermis ; thus, irrespectively of 
the adventitions roots which are formed later, there are as many 
rows of lateral roots on a main root as there are xylem bundles 
in the fibro-vaecnlar mass. The lateral roots, in the course of 
their development, have to penetrate the cortex oE the mother-rout 




of the fibro-Taacnlar i"i«>«J'»i'nnd»™''tai"' 

-I- I BbroTMCQlar cj-liaaBr; fl primary 
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iDdtn. B TnnaTerse eectiou ot an 
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(2.) Prosencliyinatoiis elements, the hast-fihresy wliieli are often 
long and mtLch thickened, but flexible. 

(3.) Elongated, prismatic, thin- walled cellis (Phloem parenchyma): 
these cells remain in the prunitive condition in. which all the 
cells of the phloem originally were : they are also termed camhi' 
form^ and, together with the sieve-tubes, are known as soft hast, in 
contradistinction to the thick- walled bast-flbres, the hard hast. 

These difEerent kinds of cells are more or less fully represented 
in a section of a fibro-vascnlar bnndle, their proportional nnmber 
varying with the part front which the section is taken, and with the 
nature of the plant. 

By far the most frequent arrangement is, that the xylem and the 
phloem in each bundle He one behind the other on same radius, the 
xylem being nearer to the centre of the stem, while the phloem lies 
towards the periphery (Figs. 45, 47, 48, 60), This is the case 
both when the bundles form a circle and when they are scattered, 
when they are open and when they are closed. As the bundles 
bend outwards into the leaves without any twisting, and are distri- 
buted in one plane, the phloem of the bundles lies towards the 
under surface of the leaf and the ^lem towards the npper surface. 
Exceptions to these relations are found in cylindrical leaves and in 
many petioles, in which the twisting of some of the bundles gives 
rise to an arrangement similar to, but sometimes more complicated 
than, that of the stem. In open bundles the cambium Hes between 
the xylem and the phloem. The annular and spiral vessels always 
form the innermost portion of the xylem towards the centre of 
the stem; and the outer portion, towards the phloem, consists of 
reticulated and pitted vessels, which are the largest of all the 
elements of the xylem. The grouping of these vessels as regards 
each other, the woody fibres, and the parenchyma cells, is ex- 
tremely various; those shown in Figs. 47 and 48 are only sipme 
examples. The innermost annular and spiral vesiel^ are the first 
formed in each fibre- vascular bundle, and aJread/ exist before the 
contiguous portion of the stem has attained its definitive length ; 
they grow with its growth, and, since they cannot undergo any 
farther transverse division like the other elements of the bundle 
which are as yet undifferentiated, they consist of the longest cells. 
In the phloem the bast-fibres usually lie nearest to the periphery, 
and the sieve-tubes, which are generally conspicuous by their larger 
apertures (in transverse section), are scattered in the soft bast 
(Figs. 47 and 48). 
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The follawing deviations from this, which is the eommoneBt ar- 
rangement (the eoUateral) of tlie phlodm and zylem, as well aa of 
tbeer constltnents, may be mentioned : 

In vaaaj plants, e.g., Gonrda and Lycitun, a second layer of 
phloSm is fbottd within the zylem : in most Ferns the phloem com- 
pletely encloeea tb* ^lem, forming a ring (e/weenfne arrangement), 
and several groups of ^ral vessels lie within tho :^lem, from 
which the developm^it of tha zyleni 
proceeds. 

The fibro-vascnlar handles of the 
root differ moat widely from the 
strnctare above described. It is, in 
fact, impossible to speak of separate 
bandies in the root ; a cylindrical mass 
of fibro-vasctilar bundles, aometiines 
hollow and containing a pith, occnpies 
tie asis of the root (Fig. 20). In 
this, several xylem bundles are regu- 
larly distributed (Fig. 49 A g), and 
alternating radially with them lie an 
equal nomberof phloem bundles (Fig. 
49 A b). In Dicotyledons the number 
of these bundles is small, nsually 2, 3, 
or i, rarely 5 to 8 ; in tlie Monocoty- 
ledons it is nsually larger. In each 
xylem bundle the spiral vessels, which 

are here the oldest constituent*, lie p,„. «_jx™a.,««ecoiionof « 
nearest to the periphety. The ex- yoone mot ot Phuasitu nwimfaniij 
temal layer of the fibro-vascnlar r.'^!!!'.'!^^^?l.^"f!.': 




cylinder is known as the pertcfuniiuin, xjimt bimiit»i b prinAr? phia«m 
and remains for a long period capable bnndtot b TmmrtnB wotion ol on 

, , , , , ii. mi o'^w ro"* "' ""* ""* plant, »hioh 

of development and growth. The i, inn™dnBto thiobi™, b- wcond- 
rudiments of the lateral roots are irybMti » mrt— sBghtiy m»giufleii. 
nsnally formed from this pericam- " 

binm in Phanerogams, exactly opposite to tho xylem bundles 
(except in Grasses and Umbellifers), but in Cryptogams (except 
Eqnisetnm) from cells of the endodermis ; thus, irrespectively of 
the adventitious roots which are formed later, there are as many 
rows of lateral roots on a main root as there are xylem bundles 
in the fibro-vascnlar mass. The lateral roots, in the course of 
their development, have to penetrate the cortex of the mother-rout 
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Bee p. 23, Fig. 20) : their fibro-Tascnlar bnndlea are in direct 
connection with those of the mother-root. 
I 26. The Growth in Thickness of the stem and roots is 

effected in most Gymnospenna and Dicotyledons by the continnons 
activity of the cambium of their open bandlea. These are arranged 
in a circle in a transverse section of the stem (Fig. 50 A) : the com- 
mencement of growth in thickness is preceded by tangential divisiona 
ia the fundamental tissae (Fig. 47 A. ic) which lies between the 
bundles; this gives rise to cambinm which becomes contiouons 
with that of the fibro-vascular bundles. A closed hollow cylinder is 
thus formed, wbicb appears, in a transverse section, as a ring, the 
camhium-Thig (Fig. 50 B e) completely separating the pith from 
the cortex; it consists of two portions corresponding to its mode of 
origin ; faacicular cam- 
bium, i.e., the cambium 
belonging to the fibro- 
vascular bundles, and 
the inter-faseicular cam' 
imm, i.e., that which ia 
formed between the 
■>.- u Tu.™,™™.M- h--.,™. ..«..,„. „> . .1.™ bundles in the primary 

wblcb gcoira in IhickDBu. jt Terj j'ODiig i Uien are Ave medullary rayS. 

lH>l.t«d bnndlM, m plthj r ooWxj f prtmwy but; ^ cambium-ring ia 

&■ primuy wood ; c cunblDm. B Alter groHtb in thick. _ ^ ' ti "> 

nen hai nomiDsiicsd i W ucondur iroodi b> HODudary likewise formed in 

^^ roots which increase in 

thickness ; the cells which lie between the individual xylem-bundlea 
and internally to each phloijm-bundle are transformed into cain- 
binm-cella by division, and the separate groups of these cells be- 
come connected externally to the xylem-bundles. Thus a ring is 
formed which lies outside the primary xylem-bundlea and inside 
the primary phloem-bundles (Fig. 49 B). 

The cells of the cambium-ring, in the stem and root alike, con- 
stantly undergo both tangential and radial division, so that the 
number of the cells increaaea in the nulial direction aa well as in 
the circumferential ; the growth of these cells produces an exteu- 
aion of the organ in both these directions. Of the cells thus 
formed, those lying on the inner side of the cambium are trans- 
formed into the ejementa of the vpood (Fig. 50 B h^), those on the 
outer side, into the elementa of the bast, while the cells of the 
intermediat« zone continue to he capable of dividing. The activity 
of the cambium thus gives rise to secondary wood and teeondary 
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bast, 03 diGtingnished from the primary constitnents of the bundle, 
which existed previously to, and independently of, the activity of 
the cambinin. The primary wood of the bimdle is thus the inner- 
most part of it, and neually projects into the pith, particularly 
■when the primary bundles lie rather far apart; it then consti- 
tntes what is termed the medullary sfteath 
(Fig. 50 B k^ and 52 m t). 

The elements composing the secondary j 
wood correspond in general with those o 
the primary zylem, bat they present certain n 
peculiarities. First of all it may be ob- 
served that they are arranged in radial lines, v. 
at any rate in the first instance, becanae all U 
the elements which have originated from a 
single cambinm-cell lie on one radius. The j 
cambinm-cells are of an elongated form, and t 
are disposed somewhat prosenchymatonsly ' 
in such a way that their oblique septa 8 
distinctly visible only in a tangential section, 
that is, in profile (F%. 51 A). It is by the 
transformation of their daughter- cells, which 
exactly resemble the cambinm-cells, that 
the different cells which compose tl 
oondary wood and bast are formed. The 
secondary wood of trees consiste of the fol- 
lowing elements ; 

(I.) Of Vetsels, which are nsnally provided 
with pits (frequently bordered-pits) on their 
longitudinal walls ; their diameter is greater 
than that of the other elements, their con- 
stitaent cells are usually of the same length 
as the cambium- cells. The transverse walls b Traobciiia ■ 
are either wholly absorbed, or only perfo- i^"- CLibriforrnDb™, .ad 
rated. In some wood, as that of the limie, voad-puwicbyniaMBahiseii- 
delicate spiral thickenings are fonnd in ad- ^o"- '™™ ">« ^a^f isoiBicd 
dition to the pits on the longitudinal walls : 

they can be distinguished from true spiral vessels by the delicacy 
of their structure and by the fact that injury does not cause a 
separation of the spiral thickening from the well. 

(2.) Of wood-Jibreg which are much elongated, almost always 
longer than the cambinm-cells, and their transverse septa are more 
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oblique : the pointed ends of the indiyidnal cells also grow in between 
each other. The walls of the woody fibres are sometimes nnpitted 
or have small slit-like pits (Fig. 61 G), libriform fibres ; sometimes 
they are pitted like the walls of the vessels (Fig. 51 B), trach&ides; 
they are not perforated. 

(3.) Of Wood'pareiichyma which is formed by the repeated trans- 
verse division of the cambium-cells ; the parenchymatous cells 
produced from each cambium-cell form a group which is bounded 
by the oblique walls of the cambium-cell (Fig. 61 D). The walls 
of the wood-parenchyma-cells are thin, and bear large simple 
pits. 

With reference to the very varied distribution of these different 
elements of fibro-yascular bundles, it may be particidarly noted 
that in all Conifers true vessels and woody parenchyma (apart 
from the resin-ducts, § 28) are wanting: the medullary sheath, 
the primary xylem, of course contains annular, spiral, and re- 
ticulated vessels, but the secondary wood of these trees consists 
solely of tracheides, the walls of which bear the peculiar bordered- 
pits described in § 22 (Fig. 42). 

In most trees and shrubs, and in the stems of the stronger her- 
baceous plants, the fibres generally form the greater part of the 
wood, and the vessels and woody parenchyma-cells are scattered 
among them. 

Succulent stem-structures which increase in thickness, e.g,, the 
tubers of the Potato, contain in the wood formed from the cambium 
nothing but thin- walled, juicy, parenchymatous cells traversed by a 
few solitary vessels. 

A transverse section of the wood of our timber-trees exhibits, 
even to the naked eye, a series of concentric layers known 
as the annual rings. These layers result from the fact that 
the wood formed in the spring is differently constituted from 
that which is formed in the summer; since the external con- 
ditions on which this difference depends gradually change in the 
course of a year, and during the winter no wood is formed, it is 
easy to imagine that in the ring of wood which represents one 
year's growth a gradual change of structure should be perceptible 
from within outwards, and that the limit between the ring of one 
year and that of another should be sharply defined. The anatom- 
ical cause of the distinctness of the annual rings is the same in all 
wood, namely, that the last layers <rf the wood formed in a year are 
much compressed, and therefore have a very small radial dia- 
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meter (Fig, 53 w). In Conifers thesa layera are farther distia- 
goished by the fact that the Bpring-wood is formed of thin- 
walled cells (Fig. 53/) and the autumn-wood of thick-walled 
cells (Fig. 53 h). In foliage-trees the number and size of the 
veeBels diminishes in each annual ring from ite inner to its outer 
limit. When this takes place very gradnally the eye cannot de- 
tect any conapicnons difEerence between the spring and antumn- 
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wood (as in the wood of the Beech, Lime, IdBple, and Walnut) ; 
but some kinds of wood show a ring of conspicuously large vessels 
in the spring-wood, while in the antnmn-wood there are numerous 
much smaller vessels (as in the wood of the Oak, Elm, and 
Ash). 

Besides the elements which have been already considered, the 
wood includes certain parencbymatons cella which are elongated in 
a radial direction and are known as the meduVary rayt. These 
appear in a transverse section as radial stripes, in a radial section as 
radial bands of small height, and in a tangential section as elliptical 
groups of cells (Fig. 54), surrounded by the elongated elements of 
the wood ; they consist of parenobyraatons cells mnch elongated 
in the radial direction (Fig. 53 m), but very small ia the tangential 
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and vertical directions. These mednllary rays, like the constitnents 
of the wood, are developed from the cambium both towards the 

centre and towards the circximferenco, 
so that each medullary ray runs from 
the wood through the cambium into 
the bast. When once a group of cam- 
bium-cells has begun to produce a me- 
dullary ray, it continues to do so, and 
the OTeater the circumference attained 

Pig. 64.~-Diagrammatic ropresen- ° j i • xi. v 

tation of the course of the mednllary by the wood, the greater IS the number 

rays; a segment cut out of the wood: Qf jtj^q points at which the formation of 
Q Horizontal surface. B Radial sur- in i . • ii i • 

fece. T Tangential (external) sur- medullary rays begms m the cambmm, 
fiace of the wood; the shaded por- and the greater the number of medullary 
tion.«o the medaiiary rays. rays wMch penetrate the wood. Those 

medullary rays which extend inwards to the pith and outwards to 
the primary cortex, those, namely, which existed at the beginning 
of the thickening of the stem, are termed jprimary. These increase 
radially, in some plants by means of the whole of the inter-fas- 
cicular cambium, e.g., in the Clematis ; in others, on the contrary, 
by means of isolated portions of the inter-fascicular cambium, e.g,^ 
in the Hornbeam. Secondary medullary rays are such as are 
formed at a later stage, and do not therefore extend to the pith, but 
end blindly in the wood. When the medullary rays, or at any rate 
some of them, are large, they are easily detected by the naked eye, 
as in the wood of the Beech and Oak. 

The wood of many large timber trees frequently exhibits a strik- 
ing difference between the older internal portion of the wood, the 
heart- wood (duramen), and the younger outer portion known as the 
sap-wood (alburnum). This arises from changes undergone in the 
course of years by the mature wood. The altered heart-wood 
always contains less water, has no starch in its parenchymatous 
cells, and is often darker in colour, e.g., the Pine, Larch, and 
Oak. 

The secondary bast f 6rmed from the cambium never attains so 
considerable a size as the wood; it consists of sieve-tubes, bast- 
fibres, and parenchymatous cells in varying order, very rarely 
showing any regularity ; sometimes the bast fibres are in layers, so 
that they can be removed in large connected sheets, as in the Lime. 
The formation of annual rings does not take place. The medullary 
rays, as mentioned above, traverse the bast to an extent corre- 
Bponding to their development in the wood. Li many trees the cells 
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of the medullary rays, and other cells also, in the bast, become 
sclerenchymatons ; for instance, in the Beech, where they project 
from the surface of the dry cortex which is in contact with the 
cambinm, in the form of sharp teeth. As the cambium-ring is 
constantly increasing in circumference, the bast which surrounds it 
necessarily experiences considerable tension, particularly in the 
outer portion. This tension naturally affects chiefly the paren- 
chymatous elements which are still capable of growth while the 
bast-fibres are no longer capable of any modification ; hence the 
medullary rays are often seen to be much expanded towards the 
circumference (-Fig. 62 pa). 

The tissues lying externally to the cambium are generally spoken 
of collectively as " cortex " ; it will be well, therefore, to designate 
the bast which has been formed by the cambium as secondary cortex, 
in order to distinguish it from the primary cortex which lies exter- 
nally to it and belongs to the fundamental tissue. The cells of 
the cambium-ring are rich in protoplasm and tear very readily, 
especially when they are actively growing and dividing ; conse- 
quently the " cortex " can be easily stripped from the wood. 

Many woody plants, of which, however, only a few are indi- 
genous to this part of the world, depart from the general type here 
described both in the origin and in the mode of growth of their 
cambium-ring. The aborescent LiliacesB (Yucca and DraceBua) 
may be mentioned as being the only Monocotyledons of which the 
stems increase in thickness. As the fibre- vascular bundles are all 
closed, there is no cambium, and the increase in circumference is 
possible only by a new formation, in a zone of the fundamental 
tissue, both of isolated, closed, fibre- vascular bundles and of fresh 
fundamental tissue. 

§ 27. The term Fundamental Tissue (ground- tissue) includes 
all the mass of tissue which does not form part of the fibre- vascular 
bundles or of the epidermis (Fig. 24 g). Various forms of cells 
and of tissues occur in it, and those parts of it in particular which 
lie in immediate contact with other tissue-systems are frequently 
remarkable for peculiarities of structure. 

Those specially modified forms of fundamental tissue which occur 
in close connection with the epidermis are included under the term 
Hypoderma. One form frequently occurs in the stems and leaf- 
stalks of dicotyledonous plants which is known as Collenchyma 
(Fig. 56 cl), a tissue, the cells of which are narrow and elongated, 
with their walls thickened along the lines of contact, and capable of 
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swell!og-np coimderably. In other cases the elements of the hTpo- 
dorma are fibrous and sclerenchymatooB, as in the leaves of Conifers. 
Bundle . theath (KndodenniB). 
This name has been given to the 
single layer of cells (belonging to 
the fondamental tissue) which 
forms a common investment to 
&e fibro-vaecnlar handles in the 
stems of plants having sn axial 
fibro-Tascnlar cylinder, snch as 
Hipparis and Othep aquatic plants, 
as Tvell as in those of many with 
a normal arrangement of the 
bnndles, snch as certain Primn- 
laceee, Compositoa, Cyperacete, and 
n of U» le»f- ^""'^ species of Eqnisetum. In 
■mis (0 anil the stems of most Ferns and some 
coiknchjm. (c9i tbe epia^te->»iia wo Eqnieetume, ae well as in the 

unlforoilr thickened on ttae oawr wall ^ ' 

nhere Iher adjoin U» oollenctiymB, bat mra petioles and stems of SOmc few 

thickBn«iui«thB<oiienohrni»Bttb6«.gi« phanerogams, each of the isolated 

where three oelle meet; Uie» thickenings i i_ ji 

ban great oapaciHr for awetling! M Ohio- nbro - vascular bundles IS snr- 
rophjii-oorpMoieai p p»renciijiii«iiU ( « rounded by a sheath (Fig. 47 e). 
It is invariably present in roots. 
1 contact are nsually folded in 
a peculiar manner and are cuticulariaed. 

External $heath. This 
term is applied to such 
cells of the fundamental 
tissue as surround fibro- 
vascular bundles and 
hav$ undergone special 
modification. The closed 
bundles of Grasses (Fig. 
48) and of many Monoco- 
tyledons are surrounded 
by an investment consist- 
ing of several layers of 
prosenchymatous cells. 

The rest of the funda- 
mental tissue, the com- 
plemeiitaiy Htsue, consists (with the exception of the prosenchyma- 
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tons groand-tiasne in the stems of L7copodiacese,eto.) of thin-walled 
sncctileat parenchjiua with intercellular spaces : the cella may con- 
tain ohlorophyU-corpuBcIes, as in the case of leaves and of the 
cortex of stems, or the tissue may be coloarlcss, as in the interior 
of succulent stems, in roots, and in jnicy fiiiits. 

The chlorophyll-con- 
tainiDg groond-tissae of 
leaves k Tumally of a 
different teztnre at the 
two anrf aces of the leaf ; 
it is in consequence of 
this that the two sur- 
faces differ somewhat in 
colour. 

The tissne of the upper 
anrface consists princi- 
pally of pallitade paren- 
ehyma, that is, of narrow, 
elongated cella, arranged 
perpendicularly to the 
surface and having very 
small intercellnlar spaces 
(Fig. 56 pa) i the paren- 
chyma of the under sur- 
face, on the contrary, the 
tpongy parenehijma, is 
formed of cells which aro 
irregularly arranged, and 
are aeparated by largo 
intercellnlar spaces (Fig. 
56 sp). 

The cells of the pith of 
woody plants generally 
all die, aa in Sambncus 
(Elder), or at any rata Fia.W.- 
most of them do so. tea"'B 

Sclerencliymatout cells Badw.) 
occur in the niost different parts of the fundamental tissue ; they 
may be isolated, as, for instance, in the flesh of Fears and in tlio 
cortical parenchyma of many trees, or united to form a considerable 
mass of Bclerenchymatous tissue, as in the shell of many fruits, as 
the faazel-nut, and the stone of others, as the plum. 
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§ 28. Internal Receptacles for Secretions. Inthefibro- 

vascnlar system, as well as in the fundamental tissue, besides the 
forms of tissue hitherto described, there are found other structures 
which serve to secrete and to transmit certain substances which do 
not occur throughout the plant : these structures traverse both the 
internal tissue-systems, so they cannot be regarded as belonging 
especially to either, but must be considered separately. According 
to their mode of origin, these receptacles may be either isolated 
closed cells containing nothing but the matter secreted, or they may 
be vascular structures, formed by the fusion of elongated cells by 
the absorption of their walls ; or, again, they may be intercellular 
spaces, cavities filled with secretion which have been formed either 
by the absorption of a mass of tissue (lysigenous) or by the separa- 
tion from each other of uninjured cells (schizogenous) (see § 23). 
They may be arranged in the following order, according to the 
nature of the secretion : 

(1.) Crystals or clusters of crystals are frequently found in certain 
cells, particularly in the fundamental tissue of Monocotyledons and 
in the bast of many trees. 

(2.) Cells filled with mucilage occur in the MalvacesB, in the cortex 
of the Elm and Firs, in the tubers of the OrchideeB ; mucilage also 
occurs in lysigenous intercellular spaces in the CactesB ; cherry-gum, 
which is formed by a gradual transformation of groups of cells, must 
be included here. 

(3.) The milky juice (latex) which flows from many plants when 
they are cut, derives its milky appearance from minute solid particles 
which are suspended in watery fluid, constituting a sort of emulsion ; 
the milky juice frequently contains caoutchouc ; sometimes, as in 
Chelidonium, it is yellow. This milky juice is found in different 
vessels in the different families of plants. 

(a.) In the CichoriacesB (as the Dandelion and Scorzonera), the 
Papaveracese, and Campanulaceae, it is contained in the laticiferoua 
vessels ; they are straight or branched, anastomosing rows of cells, 
the transverse walls of which are absorbed or perforated (Fig. 67). 

(&.) In the EuphorbiacesB (e.^., the Spurges), the UrticaceeB, and 
Asclepiadeae, the milky juice is contained in closed cells, which are 
much branched and extend throughout the whole plant. These lati- 
elferous cells are already present in the embryo, while it still consists 
of only a few cells, and they grow with its growth without under- 
going any division. 

(c.) The milky juice is contained in cells of small dimensions, 
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which are Dot tmfreqnentlj arranged in rows ; this is the case in 
the Maple, in Sambuons (Elder), where these cells are visible as red 
lines at the circumference of the dried-np pith, in the Convolvnlacet^ 
where the milky jnice contains mnch resin, in limiandra GuUa, of 
which the inspissated milky jnice forms Gntta percha. 

All these forms of laticif erons vessels occur principally in the cortex 
and phloem, but they sometimes occur also on the inner side of the 
fibco- vascular bundles of the plants in question. A great number 
of very im.portant products, valuable in medicine and the industrial 
arts, are derived from the latez : thus Caoutchouc (India rubber) is 
the di-ied milky juice of Siphonia elastica, one of the Euphorbiacete, 
and Opium is the milky juice of the unripe capsules of the Poppy, 
Piipaver eoiniiifei^ 




locticsl parencbjnuh (After ( 

(4.) Resina and ethereal crils, not unfrequently combined, < 

(a.) In celU, in the Laurine»,'e.y., Camphor ; in the Zingiberacete, 

Acorns, and other plants ; the solitary resin-cells in the wood of the 

Silver Fir may be mentioned here. 

(6.) In inlercetlular tpaceg, which may be of lysigenons origin and 
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are then usually of a spherical form ; these were formerly de- 
signated glands (Fig. 68). The oil of the Citron, Orange, Ilutace8&, 
Myrtaeeee, is contained in such cavities, as well as that of the leaves 
of Hypericum, which present in consec^uence a number of trans- 
parent spots. 

The other intercellular spaces whicn contain oil or resin are of 
schizogenous origin ; that is, they are formed by the separation from 
each other of certain cells surrounding the intercellular space 
(which is usually elongated in form), and differing from the rest 
of the tissues in their arrangement and mode of division (Fig. 59). 
To these belong the oil cavities which traverse the primary cortex 
and phloem of the CompositeB, and the gum-resin-ducts of the 
UmbellifersB and their allies, in which the resin is mixed with 
gum : also the resin- ducts of tho TerebmthaceaB, Simarubese, and 
ConiferflB, which contain a Balsam, i,e,, a solution of resin in an 
ethereal oil. In the ConifereB (among which resin is wholly absent 
from one genus only, namely Taxus), they are found in the leaves, 
the arrangement varying with the species, and they pass from them 
into the primary cortex ; the/ also run longitudinally through the 
wood and transversely in the larger medullary rays. Lysigenous 
resin-receptacles of a spherical form are formed secondarily in 
several species, e.g., the Larch, in the primary and secondary 
cortex. 

§ 29. The Epidermis. In the lowest forms of plants the 
epidermal system is not sharply defined from the fundamental 
tissue, and is, properly speaking, only the outermost layer of that 
tissue. In the higher plants there is usually a true epidermis (Fig. 
45 e) ; this envelopes most annual plants, and generally consists of 
a single layer of cells, which are in close juxtaposition (with the 
exception of the stomata) without any intercellular spaces: it 
may be easily stripped off from certain parts of many plants {e.g,, 
the scales of the Onion and the leaves of Begonia) as a thin trans- 
parent membrane. In some special cases, e.g., the leaves of Ficus 
and Peperomia, the primitively single layer of the epidermis divides 
into two or more layers, of which the outer layer alone has the 
appearance of a true epidermis. Sometimes the cells of the epi- 
dermis differ very slightly from those of the internal tissue, as Jn 
the roots and leaves of many water-plants; but the difference 
between the epidermis and the tissues which lie beneath it, in the 
case of the stems and leaves of terrestrial plants, is well marked, 
and the epidermis is usually further distinguished by certain pecu- 
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liar stmctares, aach ob atomata tmd haire. Tlie epidermal. cells but 

seldom coataiii chlorophyll, but, <m the other hand, they Df|»ii coa- 

tain other colouring- matters in solution. In thoee parts of planta 

which grow to a considerable length, their iorm is aspa^y elong)it«|d j 

in broad leaves it is commonly 

tabnl^. The side walls have 

very frequently an undulating 

outline, ho that the adjoining 

cells fit into each bther. The 

external wall is nsaally mnch 

more thickened than the other 

walls ; its outermost layer ia 

always caticBlarised, and b 

called {lie eutiele; it is clearly 

defined from the mner layers, , c™i Mcoon of a leaf of Hyacnihu. on«.t=iu 

which are also more or less (" ^'^)' P parencliTDis dE Cbe fandamentiJ 

cnticnlarised (Fig. 60), and it """i i"''"-**"'?- 

extends continuously over the whole of the epidei-mis. It has a 

tendency to form thickenings projecting outwards from the surface. 

Particles of wax are included in the cuticle of many terrestrial 

plauts which protect their surface from being wetted by water. 

This wax often appears on the ,v 

smrface in the form of small 

granules, rods, or flakes, and 

then forms a bluish bloom, which 

ia easily wiped oft, or sometimes 

a considerable mass, as in the 

fruits of Myrica eerifera and the 

trunks of some Palms (Ceratoxy- 

loti andieola and Klopitoeliia e 

/■")• 

The Slomaia are oi^ans which 
here and there interrupt the con- 

tinuity of the epidermis and per- 
mit communication between the 
air contained in the intercellular laiaii: snrfaoB risur (x 300)1 ip 01 

. . , , , ji j.i_ •< (bs two oniu'd-ceUa 

spaces and m the vesBels, and the 

external atmosphere. Each stoma conaiate of two peculiarly modi- 
fied epidermal cells called gaard-eelU 1 these, when seen from tlie 
surface, appear usually of a half-moon shape (Fig. 61 $z) and sur- 
round the opening of the stoma. This leads to the air^eavUy (Fig. 




Fie. 81.— Stoma ot t, leaf of Con 
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60 /), a lat^e intercellular space between the epidermis aud the 
■nnderlying tissue, wLich conuuunicatea with the other intercellular 
spaces. The whole stoma originates thus : a young epidermis-cell 
divides into two, the two gaard-cells ; these are separated by a 
Beptmn, which is at first siniple, but wMoh Bnbseqiiently splits. 
The size of the openii^ may be inoreaaed or diminished by the 
action of external influences, and this is effected by changes in the 
form of the guard-cells. Stomata are found on almost all parts 
of terrestrial plants which are above the ground, and are par- 
ticularly abundant on leaves (as many els 600 to the square milli- 
metre) i they are nsually wanting in submerged oi^aua, and are 
always absent from roots. 

Eairg are products of the epidermis, and are generally formed by 
the outgrowth of single epidermal cells. They may remain unicelln- 
lar, as in the case of the root- 
hairs which form the velYety 
covering of young roots, and of 
the hairs on the outer coat 
(testa) of the seed of Gossypium, 
which constitute Cotton ; or they 
may nndetgo division so that 
they consist of a row of cells 
(Fig. 62 a,d); or agam, the out- 
growth from the epidermal cell 
may undergo diyisiona in two or 
more directions, in consequence 
of which either a layer of cells is 
fonnd, as in the case of the scales 
(ramenta) on the leaves of Ferns, 
or a mass of cells, as in the case 
of the stiff hairs on the fruits of 
Thistles and similar plante. If 
a mssa of cells be formed at the 
apes of a hair, or if the cells 
"/"wirtj ^^^ ^^^ ^P^^ *™ much lai^er 
■agn of devalopment. than the rest, it is called a glan. 

dular hair (Fig. 62 6). In many cases the contents of the hair-cells 
disappear at an early stage, as in Cotton, and are replaced by air. 
Sometimes the membrane becomes greatly thickened, and often 
contains deposits of considerable quantities of lime and silica. The 
stinging hairs of Nettles and other plants secrete an acrid fluid 
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which, as tteir points bi-eak very easily, eaters .tte object toacbing 

The Glands, the secreting oigana of the epidermia, are pectdiat in 
iliat the secretion (which is nsnally of a sticky nature) m^es its 
(tppearance in the substance of the cell-wall nnder the cuticle : it 
causes the cuticle to separate from the remainder of the cell-wall, 
and finally ruptures it. Secretion takes place frequently over the 
general surface of the epidermis, as in young twigs of the Birch, oi 
over certain circtunscribed areas of it, es the teeth of the leaves of 
Pnmna, Saliz, and other plants, and the nectaries of flowers, or at 
the apex of glandular hairs, as in Primula einends : the aoUeiera 
which clothe the young oigans in the winter-bude of trees, and 
which cover the onfotding leaves with their secretion, are also 
glandular hairs of this kind. Digestive glands, which secrete a 
fluid capable of dissolving various foreign bodies, are peculiar to 
certain plants ; they are found in the " tentacles " of Droeera, etc. 

(rig- ra)- 

In those parte of 

plants which grow in 
thickness, such as the 
stems and br^iches 
of trees, the tubers 
of the Potato, and 
napiform roots, the 
epidermis is usually 
unable to keep pace 
with ihs increase of 
the circumference, 
and it ruptures : a 
new protective tissue 
is usually formed fl 
from the cortical \ 

fundamental tissue, p„ 
which is termed the (trwu- «ooi. 
Oork or Periderm. """ 
This consists of tabular cells arranged in rows perpendicularly to 
the oircnmference of the organ r their walls are converted into cork, 
and are scarcely permeable to water : they usually contain nothing 
but air (Fig. 63 i). The cork-cells are formed by tangential divi- 
sions taking place in the colls of a special meristem, the Fhellogait 
and lie externally to it : frequently parenchymatons cells containing 
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chloroptyll are formed in a similar maimer from the piellogen, and 
lie internally to it : these are known as Fhelloderm. 

A formation of cork is wholly absent in only a very few woody 
plants, as the Mistletoe and a species of Maple (^Acer Fennsylvani- 
cum) ; in Euonymns it. occurs only in branches of several years' 
growth. It usually takes place in one-year's shoots towards the 
end of summer, so that their originally green colour is changed to 
brown. This periderm, which serves as a substitute for the decay- 
ing epidermis, and which may be termed primary, is usually formed 
in the outermost layer of the cortex in immediate contact with the 
epidermis; in rare cases the epidermis itself is transformed into 
phellogen (in Salix and the PomacesD), or the phellogen originates 
in a more internal layer of the cortex (LeguminossD, Larch, Bibes), 
or even in the phloem (as in the Grape- Vine). In consequence of 
the impenetrability to water which is characteristic of the cork- 
cells, all the tissues outside the periderm necessarily dry up, and 
these dried-up tissues, which may belong to different tissue-systems 
and include the most various forms of cells, constitute what is 
known as Barh. In roots the primary periderm is always formed 
in the pericambium ; consequently the whole of the cortex, which 
is often of great thickness, is transformed into bark and is thrown 
ofE (compare Fig. 49 B). 

When the primary periderm originates in the outer layers of the 
cortex (or in the epidermis), it forms for many successive years the 
external investment of the branch ; it may attain considerable thick- 
ness, as in the Cork-oak, and at the same time exhibit an alternation 
of dense and loose layers (e.g., the Birch, in which the layers maybe 
peeled ofE in thin white sheets) ; sometimes (as in Acer campestre and 
the Cork-elm) it forms wing-like projections from the angles of the 
branches. In a few trees, as the Silver Fir, this primary periderm 
persists for some years, or, as in the Beech, during the whole life of 
the tree ; the outer cork-cells split ofE as the trunk of the tree in- 
creases in thickness, while the phellogen, growing and extending in 
a tangential direction, gives rise to new layers. In most cases, after 
a few years, new secondary layers of periderm are formed in the 
deeper layers of tissue, causing, naturally, the production of a very 
considerable bark. If the new secondary layers of periderm occupy 
only a part of the circumference, and their margins are in contact 
with the periderm which has been previously formed, a scaly bark 
is formed, that is, isolated patches of tissue are transformed into 
bark. This bark is stretched and torn \>y the increasing size of the 
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trunk, and the scidcs of it may be shed, as is the ctise in tlie Plane, 
or they may adlme one upon the other, as in the PincB and Luvhea, 
or remain connected by the baat-fibres in long atrips, as in Bobinia. 
When, on the other hand, the primary periderm has been formed iiL 
the deeper layers of the cortex, the secondary periderm often forma 
complete concentric rings ; thns hollow cylinders of the cortex are 
transformed into bark (ringed bark). The longitndinal raptore of 
this kind of bark is effected by the bast-fibres enclosed in it, e.g.. 
Vine, ClematiH, and Thnja. 

There are in the periderm organs corresponding to the stomata of 
the epidermis, and serving, like them, to admit air to the living 
portion ot the cortical tissue ; these are the LenliceU. They are 
usually circumscribed circular areas of the periderm where the cork- 
cplls formed in the course of the sammer are not arranged closely 
together, bnt are separated 
by intercellular spaces. In 
winter the lenticels are 
closed by ordinary cork- 
cells. They are most easily 
detected in branches of one 
year's growth, where they 
are to be seen in the sum- 
mer in the form of brownish 
or whitish specks undet the , 

places where the stomata ' obU* '"^ t>i '^ phsuogea of tha lenUcsi, ic 
occur in the epidermis. <«iP"«>oh7>».oont.iid»gchiorophriL 
These spots are commonly the starting-points of the formation of 
cork. In many trees, as the Birch, the lenticels become much ex- 
tended in width by the growth of the branch in circumference. 
When the oork-layer is very thick, as in the Cork-oak, the lenticels 
form deep canals filled with a pulverulent mass of cells. 

In woody plants the falling off of the leaves breaks the continuity 
of the epidermis. This process is induced by the formation in the 
autumn of a zone of peculiar tissue at the base of the leaf, the cells 
of which become separated along one plane by the splitting of the 
common walls, so that the cells remain uninjured. Cork is subse- 
quently formed under the layer of cells covering the portion of the 
leaf which remains attached ; the cork formed here becomes con- 
tinuous with the periderm which invests the branch. 

§ 30. The Primary Meristem and the Apical Cell. 
The growing end or apex of an organ, such as a root or a stem, is 
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called the gromlng-poinl (^punetum vegdaitomt). In roots H can be 
readily distm^iuBlied on account of its freedom ixma colour, and it 
will be ieen to be envelc^ted \>y a transparent mass of tiasae forming 
the root-cap (see § .7). In stems the growing-point is invested by 
the yonng leaves. In the growiog-pcnnt the diff^«nt foims of cells 
and systems of tissne which have jnst been described are not yet 
present ; it consists of a tiasne, -the cells of which are all capable of 
division, rich in proti^lasm, thin-walled, and in close juxtaposition, 
withont any intercellnlar spaces : this is the primary meritlem. 
Most leaves and frnite, and many other organs ctmsiBt, at the 
earliest stage of tteir development, wtolly of primary meristem, 
which is subsequently transformed into- the different forme and 
eystems of tisene, bo that none of the primary meristem remains. 
In those.organa, <m the other hand, which have a contdniions apical 
growtJi, aa most 
stems aad roots, new 
primaiy meristem is 
constantly being 
produced propor- 
tionately to its trans- 
I formation into per- 
tissne, by 
the formation of new 
cells at the growing- 
point. At the apes 
of a root^ the tdssue 
of the root is formed 
backwards from the 




prmiary 

rr#. flu,— Longltndinal lectlon thronjh the aplca! region of and the root-cap fOT- 

" Tk'*' wards; the external 






I antipynlita, ■ Moss gi 

- _J »pical call of tlje sliool, ... ™^ -u™ 

ta whicb are at Oiat obliqne and afterwarda cells of the latter 

3 constantly being 



i1; (dlBtlnsuished b; ■ ■troDgar oalUne). 
it Snt or MI divided b; the nJI a into an 
raWr cell j ths former prodncoi i. put of the ™om <^. 

In Ciyptogama 
this constant pro- 
dnction of primary 
meristeni is neaally 
effected by means of a single cell, which occupies the apex of the 
growing organ, and is distinguished by its size and form j this 
is the apioal cell (Fig. 65 v). This is the cobo in the higher 



alflni Lsaf-fbrznlng ohootA arlae benaatti oertAin lo&vea 
ErlatignlBr npioal cell (i) being tormed tl-oui ui ouler cell 
the eegmeal, which then, like e, produces three rows of Be 
tnenti j vtA eooh uginent here aleo fbrme a leaf. 
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Thallopliytes (but not in Fncns), in the Muscineee, and in the 
Vascnlar Cryptogams (but not in Lycopodium, Isoetes, some 
Selaginellas, roots of MarattiaceaB) : in« these exceptional cases no 
single apical cell is present. From this cell' all the- cells of the 
primary meristem, and consequently those of the whole mass of the 
plant, originate in the following way : it divides in regular stlc- 
cession into two ; of these, the one remains exactly similar in form 
to the original apical cell, it increases in size, and then fulfils the 
functions of the apical cell in its turn ; the other, known as the 
segment, by further subdivision* (Fig. 65 a 6 c), forms a portion of 
the tissue of the organ to which it belongs. The whole mass of 
tissue is iformed from the segments' which are thus successively pro- 
duced* The mode of the formation of the segments is very simple 
in some AlgsB, where the terminal cell is divided only by transverse 
septa^ so that the segments form a longitudinal row. The process is 
more complicated when the segments are- out ofE right and left 
alternately by oblique walls which intersect. It is still more com- 
plicated when, as in the stems of Mosses and of Ferns, the terminal 
cell is wedge-shaped or has the form of an* inverted three or four- 
sided pyramid; segments are cut off from: each of the sides by 
inclined walls in regular succession (Fig. 65-). The root-cap is 
formed by segments which are cut off from the apical cell by walls 
parallel to its free surface. 

From the foregoing account of the growing-point of Cryptogams 
it is evident that the tissues of such stems and roots as possess an 
apical cell must necessarily have a common origin. In the Vascu- 
lar Cryptogams the commencing differentiation of the tissues in 
the primary meristem of these members can usually be observed 
close behind the apical cell. There is a distinct external layer of 
cells, known as the dermatogeny which is the primitive epidermis *. 
within this are several layers of cells, termed periblem, from which 
the cortical tissues are derived ; and in the centre is a cylinder of 
' somewhat smaller cells, the plerome, from which the axial tissues, add 
most commonly the fibre- vascular bundles, will be formed. 

In the Phanerogams, as well as in those Vascular Cryptogams 
which have been already mentioned as exceptions,^ the growing- 
point has no apical cell. It consists of a primary meristem which 
usually exhibits, in the stem at least, the above-mentioned differen- 
tiation into three systems. The tissues of the mature members 
Lave not, therefore, a common origin, as is the case when an apical 
cpU is present, but each tissue-system is developed from the corre* 
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sponding system of the primary meristem. In roots there is in many 
cases a fourth meristematic layer, the calyjptrogen, from which the 
root-cap is developed, but the differentiation of the primary meristem 
is not so regular as it is in stems : in rare cases (Hydrocharis, 
Ptstid Stratioies) all fonr layers are present ; in others (most Mono- 
cotyledons) the epidermis and the cortex are developed from a com- 
mon meristematic layer, so that dermatogen and periblem cannot be 
distinguished ; in others again (most Dicotyledons) the root-cap aad 
the epidermis are derived from a common layer, and finally, in 
Gymnosperms, the primary meristem consists only of plerome and 
periblem. 

§ 31. Formation of Tissue in consequence of Injury. 

When the internal tissues of most parts of plants are laid bare by 
injury, they are gradually covered by a formation of cork taking 
place in the outermost layer of cells which remain uninjured and 
capable of growth. This is easily seen in injured fruits, leaves, and 
herbaceous st«ms, in which the wounds that have been covered by 
a layer of cork are distinguished by a grey-brown colour. The 
process is very easy to observe in potato- tubers, for each portion 
of living tissue taken from one, if only prevented from dryiig too 
quickly, will soon be covered over the whole surface by a layer of 
cork precisely similar in structure to the ordinary rind. In plants 
in which the wood is well developed, cork is not immediately 
formed — ^particularly when the cambium is wounded or laid bare — 
but all the living cells which border on the wound give rise to a 
homogeneous parenchymatous tissue known as the Callus. If the 
wound is small the callus-cells proceeding from the different sides 
soon come into contact and close up into a single mass of tissue, 
which then gives rise to cork on its outer surface, and, joining the 
old cambium at the margins, forms a new layer of cambium, which 
fills up the cavity. If the wound is a large one, cork and new cam- 
bium are formed in the callus at the margins of the wound, and it 
is not wholly closed till after repeated rupture of the approaching 
cushions of callus. The wood exposed by the wound, which usually 
assumes a dark colour under the influence of the air, does not grow 
with that formed from the new cambium of the callus ; hence in- 
scriptions, for instance, which are cut in the cortex so as to reach the 
wood, though subsequently covered by a number of annual layers 
of wood corresponding to the number of years, may easily be found. 
A similar explanation accounts for the fact that the surfaces of the 
stamps of cat-o£E branches become overgrown ; the callus first ap- 
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pears as a ring from the cambinin exposed in the transverse section, 
and afterwards closes like a cap over the old wood. Foreign bodies 
— nails, stones, and steins of other plants — ^may thus become en- 
closed in the wood of a tree and be overgrown by it ; the cortex, 
being forced against the foreign object by the pressure of the grow- 
ing wood, splits, and the callns formed in the rent grows round the 
object, enclosing it and producing new cambiiim. 

Stems of plants of the same species will grow together if they 
are in close contact; the callns formed by the cortex of both, 
coalesces and gives rise to a conmion cambinm. On this depend 
the various modes of artificial grafting, in which branches or buds 
with a portion of the cortex are taken from a variety or an allied 
species and placed so that their cambium is in contact with that 
of a stem which serves as the stock, and subsequently they grow 
together. 
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CHAPTER I. 
CHEMICAL PROCESSES IN PLANTS. 

5 32. The Elementary Constituents of the Food of 

Plants. All parts of living plants contain a considerable qnantitjr 
of water: this forms not merely the principal constitnent of the 
cell-sap, bnt also satnrates the cell- walls, the protoplasm, in short, 
all organized structures. It is one of the peculiarities of organized 
structures that minute particles of water are interposed between 
the particles of solid matter of which they consist. By heating to 
100° or 110° Cent., all the water contained in any part of a plant is 
expelled, and in consequence it will naturally lose weight. The 
amount of this loss, that is, the quantity of contained water, is very 
difEerent in various plants ; ripe seeds dried in the air contain from 
12 to 15 per cent, of water, herbaceous plants 60 to 80 per cent., 
and many water-plants and Fungi as much as 95 per cent, of their 
whole weight. 

The residue, which gives ofE no more water at a heat of 100° Cent., 
the dry solid, consists of a great variety of chemical compounds ; 
these are partly organic, that is to say, combinations of Carbon with 
otiher elements, and partly inorganic' Those organic substances 
which occur in the living plant (with the exception of salts of 

• 

oxalic acid) all contain Hydrogen. Some of them, such as many 

oils, consist of these two elements only (Carbon and Hydrogen), but 

by far the greater number, including Cellulose, Starch, and Sugar, 

as well as the vegetable acids, and certain oils, contain Oxygen also. 

The albuminous substances consist of Carbon, Hydrogen, Oxygen, 

Nitrogen, and Sulphur ; in other bodies which contain Nitrogen, as 

Asparagin and many alkaloids, there is no Sulphur ; from certain 

other alkaloids, for instance Nicotin, Oxygen is also absent. 

n 
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The organic compotinds can for the most part be resolved into 
volatile products — chiefly carbonic acid, water, and ammonia — ^by 
exposure to great heat with free access of air, that is, by combus- 
tion. The inorganic residue is a white, or, if the combustion is 
imperfect, a grey powder, the ash. 

As the result of chemical processes attending the combustion, 
the sulphur previously contained in the organic compound appears 
as sulphates in the ash, and the carbonic acid formed during com- 
bustion combines with some of the inorganic substances. These, 
therefore, must not be included in an accurate estimate of the con- 
stituents of the ash. 

The ash usually constitutes but a small percentage of the whole 
dry solid of the plant. The following analyses of various portions 
of plants will give an idea of its amount and composition : — 

1000 PARTS OF DRY SOLID MATTER CONTAIN : 
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Clover, in bloom 


68-8 


21-96 


1-39 


24-06 


7-44 


0-72 


6-74 


2-06 


1-62 


2-66 


Wheat, grain 


19-7 


6U 


0-44 


0-66 


2-36 


0-26 


9-26 


007 


0-42 


0-04 


"Wheat, straw 


53-7 


7-33 


0-74 


3-09 


1-33 


0-33 


2-58 


1-32 


36-25 


0-90 


Potato tubers 


37-7 


22-76 


0-99 


0-97 


1-77 


0-46 


6-53 


2-45 


0-80 


1-17 


Apples 


14-4 


5-U 


3-76 


0-69 


1-26 


0-20 


1-96 


0-88 


0-62 


— — 


Peas (the seed) 


27-3 


11-41 


0-26 


1-36 


217 


016 


9-95 


0-95 


0-24 


0-42 



These constituents of the ash do not form a merely accidental 
mixture ; it has been proved by experiment that certain inorganic 
matters are absolutely necessary to the life of the plant. Those 
elements which the plant requireff for its nutrition, and which must 
therefore be regarded as part of its food, are : 

I. Those forming the organic compounds. Carbon, Hydrogen, 
Oxygen, Nitrogen, and Sulphur. 

II. Those forming the inorganic compounds. Phosphorus, 
Chlorine, Potassium, Calcium, Magnesium, Iron. 

Besides these we find in the ash of many plants — though they 
cannot be regarded as essential to nutrition — the following ele- 
ments : 

Sodium, Lithium, Mangnneso, Silicon, Iodine, Bromine, and in 
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rare canen, also Alnmininm, Copper, Zinc, Cobalt, Ktclcel, Strcxi- 
tinm, and Barium. 

Flnorin« mnst also exist in vegetables, for it is fonnd in a per- 
ceptible qnantitf in the dentine of n"i"">-la whicb feed directly or 
indirectly on vegetables. 

§ 33. The Absorption of Carbon. The eonrce from wlucb 
all plants containing chlorophyll derive their carbon is eimply and 
solely the carbonic acid of the atmosphere (or in the case of sub- 
merged plants, that which is held in solution by the water), which 
is decomposed nnder the influence of light by the cells which con- 
tain chlorophyll. If a water-plant (e,^., a leaf of Potamogelonnaiaiis, 
or a portion of the stem of Elodea eanadeneit) be placed in water 

B which holds carbonic acid in solu- 
tion, and be exposed to Hnnshine, 
it will be seen that from the cat 
surface of the leaf or stem bnbblea 
of gae are given off at regular 
intervals (Fig. 66). These con- 
sist of oxygen. The carbonic acid 
is in fact decomposed in the chlo- 
»!•- M.— EroliUlon of oiyBen from » rophy 11- corpuscles in BUch a way 
itom , g 11 irdghi th« keep, th, .Mm in um ^^^ P^ "* '*» osygen 18 restored 
place iOtbtBM.bnbUediiiiiB from ihe one to the atmosphere, whilst the re- 
'"'"'• sidue combines with the elementB 

of water to form organic componnds, which therefore contain 
carbon, hydrogen, and oxygen ; the last, however, in smaller pro- 
portion than does carbonic acid (COg). Since almost all the 
oonstitneuts of the food of plants (and not carbonic acid only) are 
Com.ponndB which are rich in oxygen, containing, in fact, for the 
most part the maximnm proportion of that element, and since the 
products formed within the plant itself are all very poor in oxygen, 
— some of them being wholly destitute of it, — it is a necessary in- 
ference that in the course of nutrition coosiderable quantities of 
oxygen must be evolved. 

The first organic componud which can be detected as a product 
of this proooBS is in moat plants Starch (GgHjoOe), which makes 
its appoaranoo in the chlorophyll- corpuscles in the form of minute 
granules ; sometimes grape-Hugar is formed instead. A certain. 
temperature and the co-operation oE light are both indispensable to 
this process ; in the dark no oxygen will be eliminated, and the 
formation of starch-grains in the chlorophyll-corpuscles wilt also 
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be no longer observable. Of the different rays which compose the 
solar spectrum, the least refrangible, and particnlarly the yellow 
rays, have the most effect in promoting this process. The organs 
which are adapted for .the performance of this function are those 
which are rich in chlorophyll, particularly the foliage leaves. 

"No carbon is assimilated by green plants in any other way ; ex- 
cepting this particular process, there is no instance in all nature cf 
the conversion of carbonic acid into organic compounds which con- 
tain a smaller proportion of oxygen; hence all carbon, even that 
contained in the organic compounds of the animal body, is derived 
from the carbonic acid decomposed in the chlorophyll-corpuscles. 

A number of plants which are not furnished with chlorophyll — 
for instance, all Fungi and a few of the higher plants, as the 
Dodder (Cuscuta), Orobanche, and Monotropa — are unable, in con- 
sequence of its absence, to decompose carbonic acid ; hence they 
are compelled to derive their organic compounds directly from 
other living plants, or from the decomposing remains of other organ- 
isms (humus) : in the former case they are said to be parasites 
{e.g^ Cuscuta, Orobanche) ; in the latter they are called saprophytes 
(e.^.. Mushrooms, Neottia, Monotropa, etc.). 

§ 34. Metabolism. The substance formed in the chlorophyll- 
corpuscles — that is, starch, in the majority of plants — constitutes 
the raw material from which all the other organic substances of 
the whole plant are elaborated. In this process of elaboration, 
the combined nitrogen and the inorganic substances absorbed from 
the soil, and the oxygen taken up from the atmosphere, are also 
concerned. The starch-grains (or their physiological equivalent) 
are continually being absorbed and removed from the chlorophyll- 
corpuscles. Under normal vital conditions, when the plant is 
exposed to the light, the formation of starch is in excess of the im- 
mediate consumption, so that starch-grains are always to be found 
in chlorophyll-corpuscles ; but if the plant be placed in the dark, 
the starch-grains gradually disappear. 

Of all the substances which are elaborated in the plant, those are 
the most important which contribute to form the substance of the 
cell-walls and of the protoplasm; they are spoken of as plastic 
substances. 

The cell- walls consist of cellulose, Cf^'ELiff)^. It has been shown that 
Starch, Sugar, and Inulin, which have a similar chemical constitution, 
as well as fatty matters, all serve as material for the formation of 
cellulose, and arc thus the plastic substances for the cell- walls. 
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The protoplasm consists essentially of albuminous substances 
(proteids), which all contain nitrogen and sxdphnr ; such albumin- 
ous substances and other nitrogenous compounds, as asparagin, 
constitute the plastic materials for the protoplasm and allied struc- 
tures, such as the chlorophyll-corpuscles. 

The plastic substances are not consumed at once in the organs in 
which they are formed, but they are generally utilized in other 
parts of the plant and at a later period : hence they are stored up 
for a time, sometimes for a long time, in considerable quantities in 
special organs, and are then called reserve-materials. The seeds of 
all plants are organs for the storage of such reserve-materials; 
they contain, besides the embryo, the nutritive substances which it 
requires during the first stages of its development. Tubers are 
also such organs, and thickened roots (Potato and Dahlia tubers» 
Turnips), as well as the persistent parts of perennial plants, such as 
the rhizomes of herbaceous plants, certain parts of the tissue of 
the branches and trunks of trees and shrubs, and in evergreen 
plants even the leaves themselves. 

Potato tubers, for instance, contain, as is well known, a great 
quantity of starch ; when the buds grow out into shoots, and new 
plants begin to be formed, the starch disappears in proportion as 
new cell- walls are developed. In the same way the starch of the 
seeds of cereals, the cane-sugar of the beet-root, the inulin of 
Dahlia tubers, the fatty oil of the seeds of the Bape, the Pumpkin, 
the Sunflower, and other plants, is used up in the formation of the 
cell-walls of the new plant. Certain layers of cells, particularly 
the cells of the medullary rays of trees, contain, in the winter, a 
quantity of starch which is absorbed and consumed during the 
spring when new shoots are developed. Cellulose itself occurs as a 
reserve-material in the seeds of the Date and other Palms ; the 
remarkably thickened walls of endosperm-cells are absorbed during 
germination, and subserve the growth of the seedling. The pro- 
t«id-grains (aleurone) described in § 15 are the albuminous reserve- 
materials of the seed. 

If seeds are made to germinate, or if shoots grow out from other 
deposits of reserve-material,, as potatoes and the like, in the dark, 
no fresh formation of plastic substances can take place, so that the 
whole of the newly-formed cells are developed at the expense of 
the reserve-materials ; thus the degree of development reached by 
plants grown in . the dark depends on the supply of reserve- 
materials, which varies in different plants. For instance, if the tiny 
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seed of tlie Tobacco germinates in the dark, only a minnfce seedling 
is developed, while a potato tuber or a beet-root can nonrish large 
plants. 

The plastic substances which are stored np as reserve-material 
undergo a series of changes before they attain their final form, 
which may be cellulose, or the proteid of prptoplasm. The plastic 
materials for the cell- walls, whether they, are deposit'Cd as starch, 
cane-sugar, inulin, fatty oils, or cellulose, are always in part 
changed into grape-sugar, which is conveyed in solution through 
the parenchymatous cells by diffusion to the spot where it is to be 
utilized, — that is, to the place where the new cells are being formed. 
Very frequently a temporary deposition of it in the form of starch 
occurs in the conducting tissues, more particularly in the bundle- 
sheaths. 

The intermediate forms assumed by the albuminous reserve-sub- 
stances are but little known. These substances appear generally to 
travel slowly through the thin- walled elongated cells of the phloem, 
but in some plants asparagin appears as an intermediate form, 
which travels through the parenchymatous tissue. 

The starch of the chlorophyll-corpuscles is conducted, in the same 
way as the starch of the reservoirs of nutriment, to the spot where 
it is to be utilized, partly in promoting the growth of the new 
organs, and partly in being stored up in one of the depositories in 
the form of one of the above-mentioned substances. 

A great number of compounds of carbon occur in plants, which 
stand in no direct relation to the development of new cells ; they 
are the by-products of metabolism, which are formed partly as an 
inevitable result of the various changes effected in the different 
plastic substances, and partly also in connection with the perform- 
ance of functions which are at present in great measure unknown. 
Among these by-products are Tannin, Colouring matters. Acids, 
Alkaloids, Volatile Oils, etc. They also are formed from the re- 
serve-materials, which are therefore never entirely consximed in the 
construction of new organs. 

Finally, the products of degradation are the last terms of the 
series of changes expressed by the word metabolism. They can 
undergo no further modification in the organism, and they have 
been formed from its organized constituents. To these belong most 
kinds of gum. In Gum Tragacanth, which is excreted by many 
species of Astragalus, the organization of the cell- walls is plainly 
perceptible; they have become capable of swelling-up enormously j 
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Cherry Gnm is formed in the same way from cell- walls which have 
become difluent, but it is not soluble in water. Gum Arabic, which 
is formed by several kinds of Acacia, consists of cell- walls which 
have been so greatly changed as to be absolutely soluble in water. 

§ 35. The Source and Significance of the other Con- 
stituents of the Food. All the nutriment of plants, with the 
exception of carbonic acid, is derived from the soil. 

The Hydrogen of the org^anic compounds is obtained by the 
decomposition of the water which permeates every part of the 
plant, and is constantly being absorbed from the earth. 

Nitrogen^ which is an essential constituent of albuminous sub- 
stances, is never assimilated in a free form ; although it is present 
in large quantities in the atmosphere, a plant perishes if the soil in 
which it grows contains no compounds of nitrogen. Nitrates and 
compounds of ammonia are widely distributed, and it is in this 
form that nitrogen is taken up by the plant. 

The small group of carnivorous plants, such as Drosera and 
Utricularia, have a special means of obtaining nitrogenous food ; by 
their leaves they capture small insects, etc., and absorb compounda 
of nitrogen from them. 

Sulphur, which is a constituent of albuminous and a few other 
substances occurring in plants, such as oil of Mustard, is derived 
from the sulphates of the soil. Probably the formation of crystals 
of oxalate of lime is connected with the decomposition of the 
absorbed sulphates : the oxalic acid of the plant combines with lime 
to form oxalate of lime, liberating sulphuric acid which then 
undergoes further decomposition. 

Fhosphorvs is a constituent of the phosphoric acid which is 
always found associated with the albuminous substances, and which 
seems to stand in some close relation to them ; phosphates consti- 
tute a large proportion of the ash of seeds. 

Iron^ though it is met with in very small quantities, is absolutely 
necessary for the formation of chlorophyll, and therefore also for 
the formation of starch. The leaves produced by plants which are 
not supplied with iron during their growth are white so soon as 
their own store of iron is exhausted ; these leaves, which are said to 
be chlorotic, become green in consequence of the formation of chloro- 
phyll if the soil be supplied with iron, or even if their surface only 
is washed with a very weak solution of iron. 

Potassium is found in the form of salts combined with various 
oi^ganic acids, as tartaric acid, racemicacid, and oxalic acid. IJn- 
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less the soil contains potassium, no formation of starch can take 
place in the chlorophyll-corpnscles ; further, the potassium salts 
must bear some relation to the plastic materials of the cell-walls9 
since they are found for the most part in those portions of plants 
"which are rich in starch, sugar, or* similar substances, as in potatoes, 
beet-roots, and grapes. 

Calcium and Magnesium have been shown to be necessary to the 
normal development of plants, but nothing beyond this is accurately 
known as to their function. They occur as salts of lime and 
magnesia in combination with both organic and inorganic acids. 

As regards Chlorine^ it has been experimentally proved so far to 
be indispensable in the case of one plant only, the Buckwheat 
(^Polygonum Fagopyrum). 

It has been discovered by experimental cultures, that a plant can 
be perfectly nourished if it is supplied with all those elementary 
substances which have been enumerated as essential. This might 
be done, for instance, by supplying it with either of the two follow- 
ing groups of chemical compounds : 

1. 2. 

Calcic nitrate Calcic nitrate 

Potassic nitrate Ammonic nitrate 

Potassic superphosphate Potassic sulphate 

Magnesic sulphate Magnesic phosphate 

Ferrous phosphate Ferrous chloride. 
Sodic chloride. 

In these two mixtures, as well as in others of the same acids and 
bases which might be formulated, all the essential elements are 
included in forms suitable for absorption. 

§ 36. The non-essential Constituents of the Ash. 

Silica^ a compound of silicon and oxygen, is distinguished from 
the previously-mentioned constituents of the ash, not only in that 
it occurs sometimes in greater and sometimes in smaller quantities, 
but more particularly in that the amount of it present in any organ 
increases with the age of the organ. Etence it may be inferred 
that it can hardly stand in any direct relation to the chemical 
processes of nutrition. Moreover, plants which are usually rich 
in silica can be brought to an apparently normal development 
under conditions which jrender the absorption of silica impossible. 
Iodine and Bromine are found in many marine plants, especially 



80 



PART m. — THE PHrSIOLOQT OF PL-INTS. 



[§ 37. 



in AlgoB, and are prepared from them ; it is not known if they ai-e 
of any value in the economy of the plant. 

Sodium, being nniversally distributed, is found in plants. 

Lithium occurs in the ash of several plants, particularly in 
Tobacco. 

Zinc, Copper, and other metals, though they are not commonly 
present in the ash of plants, are nevertheless taken up by plants 
from soils which are rich in them ; from this it appears that plants 
may absorb substances which are not necessary for their nutrition. 

§ 37. The Absorption of the Constituents of the Food 

from the Soil. With the exception of floating water-plants, 
which derive the whole of their nutriment, even their carbonic 

acid, from the water which surrounds them (e,g,, 
Utricularia), most plants grow in damp, or in 
dry, porous soil, from which they absorb all 
their nourishment except carbonic acid. The 
organs by which this is effected are the roots, 
or, in rootless plants, hairs, shoots, or branches 
of the thallus, which take the place of roots. 
The epidermal cells and (Fig. 67 h) root-hairs 
come into close contact with the minute particles 
of the soil, and with the water which adheres to 
these particles. Some nutrient substances are 
held in solution in the water of the soil, and 
pass directly into the root-cells by diffusion: 
others are decomposed by the acid sap which 
is contained in the cells and which saturates 
even their cell-walls, and they then pass into 
Pio. 67. — Root-iiadrs the plant in the form of salts of organic acids. 

(/i) on the primary root r£ i > » ^^ j j. ii# 

(tr) of a germinating ^ f P^^^* ^ allowed to grow over a plate of 
plant of Buckwheat polished marble, the calcic carbonate is decom- 

hypocotyiedonary por- direct contact with the roots, and a complete 
uonio cotyledons. outline of the whole root-system is produced 

upon the marble. Thus although these nutritious substances are 
60 firmly retained by the soil that they cannot be dissolved out 
of it by water, they are nevertheless absorbed by the plant. The 
plant is enabled to take up these as well as other substances which 
occur in a solid form, in consequence of the very intimate con- 
nection of the root-hairs with the particles of the soil. If a 
«trongly-growing plant bo pulled up out of the ground, those paite 




§ 38.] CHAPTER I. — CHEMICAL PROCESSES IN PLANTS. 81 

1 

of the root whieli are provided with hairs — neither the apex nor 
the oldest portion — ^will be seen to be closely covered with earthy 
particles which cannot be reinoved without tearing the haks. 

It has been fonnd that the ash of plants which grow close to- 
gether in the same soil or in the same water, may have a com- 
position which is different in different cases, and which is different 
also from that of the soil ; hence it has been inferred that plants 
have a certain power of selection, that they can absorb certain 
matters and reject others. This phenomenon can, however, be 
more simply explained by the known laws of diffusion. A sub- 
stance which is held in solution by the medium which surrounds 
the plant will continue to diffuse into the cells of the roots until 
equilibrium is set up between the two fluids separated by the 
membrane, and this is equally true of those substances which are 
at once absorbed by the plant as of those which are brought into 
solution by it before absorption. If the substance is not consumed 
in the plant and consequently remains unaltered, the state of equili- 
brium once set up is permanent, and no more of that substance 
will be absorbed ; but if it is consumed in the plant, undergoing 
chemical change in the process, it ceases to exist in the plant in 
its original form, and fresh supplies will be constantly absorbed. 
Since these' chemical changes differ in different plants, it is possible 
to account in this way for the variety in the composition of the ash 
of plants which have grown side by side. 

The fact that certain constituents of the ash are indispensable to 
the life of plants is of the greatest importance in agriculture. All 
the constituents of the ash, as well as the nitrogenous compounds, 
are removed every year in considerable quantities from the soil at 
the time of harvest. Those which exist in the soil in relatively 
small quantity, such as phosphoric acid and compounds of potassium 
and of nitrogen, must be restored to it : this restitution is the object 
of manuring. 

§ 38. Oxygen ; the Respiration of Plants. In the process 

of nutrition a large quantity of compounds of oxygen is being 
constantly introduced into the plant; and, since the assimilated 
substances which are formed from the compounds are very poor 
in oxygen, it follows that during assimilation a considerable portion 
of the oxygen absorbed in a combined form must be liberated and 
evolved by the plant. In contradistinction to this process — ^which 
is effected exclusively in the cells containing chlorophyll and under 
the influence of light — all living parts of a plant, at all times, take 
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During the blossoming of many infloresences, as, for instance, oE 
Aroids, a rise of temperatnre amounting to 4°, 5°, or even 10° above 
that of the air has been observed. By means of suitable apparatus 
(see Pig. 68) a similar rise of temperature may be detected in 
other plants, even with quite small flowers, as well as during the 
germination of seeds. 

Finally, in the few cases in which Phosphorescence has been proved 
to occur in living plants, as in various Fungi, e.g., Agaricus oleanus; 
this phenomenon is intimately connected with the taking up of 
oxygen ; the Fungus is luminous only so long as it lives and is sur- 
rounded by an atmosphere containing oxygen. The old statements 
as to the phosphorescence of certain flowers have not been con- 
firmed* 



CHAPTER IL 

THE MOVEMENT OP WATER AND OF GASES IN PLANTS. 

§ 39. The Slow Movement of Water in the Processes 
of Growth and of Nutrition. A potato-tnber, even if kept 

quite dry, will sprout under the influence of a sufficiently high tem- 
perature, and in proportion to the growth of the shoots the tuber 
will become flaccid and wither, beginning at the more remote parts, 
in consequence of loss of water. This water is not only of use in 
that it dissolves nutrient substances and thus renders possible their 
transport to the apex of the growing shoot, but it is itself of use 
in the process of growth; for not only are solid particles of cellulose 
deposited in the growing cell- walls, but also a certain quantity of 
water; and moreover, the vacuole of the growing cell containing 
cell-sap also increases in size. The water which is indispensable for 
these purposes is gradually absorbed from the more remote portions 
of the tuber. As a consequence, if the tuber be kept dry, it will 
gradually become flaccid and withered ; but if it lies in damp earth, 
it takes up water from the soil, and thus water is conveyed with 
the nutrient materials to the growing parts. Water is similarly 
conveyed to the developing buds of trees, to the growing-points of 
seedlings, and generally to all growing parts of plants, from the 
nearer parts in the first instance, then from the more distant, and 
finally from the external medium. This water travels slowly from 
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cell to cell ; as tlie eqiiilibriiim between the individual cells is de- 
stroyed by the consumption of water in the growing cells, the water 
from the more distant portions of the tissue is absorbed to restore it. 
§ 40. Transpiration. Every part of a plant which is exposed 
to the air and which is not covered by a layer of cork or of 
cuticle, is constantly losing water by evaporation into the atmo- 
sphere. If a stem bearing leaves be placed under a bell- jar at a 
sufficiently high temperature, the glass will be soon covered with 
drops of water, in consequence of the condensation of the vapour 
given of! by the plant. Transpiration is naturally the more ener- 
getic the higher the temperature and the drier the surrounding air. 
This loss of water is compensated by the absorption of water from 
the soil by the roots and its conveyance to the transpiring organs of 
the plant. On particularly hot days it sometimes happens that the 
leaves of trees and herbaceous plants lose more water than their 
roots can replace, and they droop and wither. This drooping 
occurs conspicuously in parts of plants which have been cut off. 
The transpiration varies in quantity according to the special 
organization of the plant and of its separate parts. The stems of 
most woody plants and trees are almost entirely prevented from 
transpiring by thick layers of cork, and transpiration is small in 
such stems and leaves as are covered with a thick cuticle, as the 
leaves of Agave, the stems of Cactus, and similar plants; these 
when cut off wither slowly, and they can thrive in a very dry soil. 
Tender leaves, on the contrary, in which the cuticle is but slightly 
developed, as those of Tobacco and Pumpkin, wither as soon as 
they are removed from the plant, or if the soil becomes too dry. 
' The stomata affect the transpiration of the plant inasmuch as 
they are the external openings of the intercellular spaces into which 
transpiration takes place from the neighbouring cells, and from 
which the watery vapour escapes into the external air. 

§ 41. The Movement of Water through the Wood. 

The water given off by transpiration is conveyed to the transpiring 
organs from the roots through the wood (xylem). If a ring of 
cortex be cut away from a tree so that all conduction through the 
cortex is interrupted, the leaves will not wither so long as the wood 
is uninjured ; water is still conveyed through it to them. If a cut 
branch be placed in a solution of some colouring-matter such as 
Anilin, the colouring-matter rises through the wood with the water. 
That the lignified cells of the xylem serve for the conduction of 
water is also confirmed by the fact that submerged water-plants 
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which can have no transpiration have no lignified elements in 
tlieir xylem. In the snmmer, at the very time when transpiration 
is most active, the wood-cells contain air; hence the water must 
travel, not through the cavities of the cells, but in the cell- walls. 
The cut stems of many plants which are actively transpiring wither 
very rapidly, and when placed in water take it up only very 
slowly ; this arises from the circumstance that section in air dimi- 
nishes the conducting capacity of the cut surface : if a portion be 
cut ofE from such a stem under water, water is immediately con- 
veyed upward, and the upper portion recovers its turgidity. If 
water be forced into the stem, the same effect is produced. 

The water which rises through the wood-cells to supply the 
place of that which is lost by transpiration, is taken up by the 
roots ; hence the compensation depends on their activity ; if their 
activity be in any way impaired — ^for instance, if the soil be too 
much cooled — absorption is diminished and the plant withers: 
again, a plant when newly transplanted droops for a time, because 
the roots are incapable of taking up the requisite amount of water, 
until a new growth of hairs enables them to become closely at- 
tached to the particles of the soil. 

Leaves and stems are not capable of absorbing watery vapour 
from a moist atmosphere, or water when poured oveif them, to any 
considerable extent. It is, however, very evident that drooping 
plants recover their turgidity when they are wetted by dew or rain, 
or if the air be moist. This is the result partly of an increased 
supply of water derived from the moistened earth, and partly of a 
diminished transpiration in consequence of the dampness of the 
atmosphere. 

§ 42. The Root-pressure. It is an old observation that 
Vines when pruned bleed, as it is called, in the spring — that is, that 
water escapes from the cut surfaces ; closer investigation has shown 
that this water exudes from the openings of the large vessels. 
A similar bleeding may be observed in several trees, as the Birch 
and Maple, as well as in all woody shrubs which are growing vigor- 
ously and which are provided with a well-developed root-system. 
If the stem of a Sunflower or of a Tobacco plant be cut off a few 
centimetres above the ground, and if evaporation from the cut 
surface be prevented, an out-flow of sap will begin after a time, 
which may continue for several days. This water is absorbed from 
the soil and forced up into the plant by the roots often with a force 
capable of supporting a column of mercury of considerable height. 
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This root-pressure spmetimes gives rise to the exudation of drops of 
water from different parts of plants, for instance, from the tips of 
the leaves of many Aroids, and from the teeth of the leaves of 
Alchemilla vulgaris; in the latter instance it maybe observed on 
almost any summer morning, and it is usually mistaken for dew. 
In a dry atmosphere the formation of drops is prevented because 
the water forced up from the roots is at once evaporated. 

In herbaceous plants the water forced up from the roots contains 
only a few salts in solution ; in the Vine and some trees it usually 
holds various organic substances, and particularly sugar, in solu- 
tion. 

This movement of water, effected by the root-pressure, is particu- 
larly conspicuous in the spring, and generally at the period of most 
vigorous growth. In plants which have been transpiring vigor- 
ously no water exudes from the cut surface in connection with the 
root when the stem is cut through, untU after a certain lapse of 
time, when the roots have taken up a fresh supply of water. This 
proves, in the firsb place, that there is no root-pressure in plants 
which are actively transpiring, and consequently that the root-* 
pressure does not supply the water lost by transpiration. 

A brief consideration of the phenomena wBich have been de- 
scribed will &how that there are three distinct modes in which 
water moves in the living plant ; of these, two are effected by a 
sort of suction proceeding from the spot where tiie water is being 
used, namely : (a) the slow movement of the water in the processes 
of growth, and (h) the passage of water through the wood to 
compensate for the loss by transpiration. The third motion (c) is 
caused by pressure from the roots upwards, independently of any 
consumption. It must, however, be assumed that absorption is 
constantly going on at the surface of the roots, and that the internal 
tissues are so arranged that the water which is absorbed can be 
forced upwards. 

In winter, the wood-cells contain water together with larger or 
smaller bubbles of air ; hence it happens that if a hole be bored 
into a tree in winter, when the temperature is rising, the water is 
driven out by the sudden expansion of these air bubbles ; if, on the 
other hand, the temperature is falling, their contraction causes an 
absorption of water. 

§ 43. The Movement of Gases in Plants. We have seen 

that every living vegetable cell takes up oxygen, and that the cells 
which contain chlorophyll consume carbonic acid. Now these gases, 
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in order to reach the interior of the cells, must penetrate the cell- 
walls, and this is effected by diffnsion ; they are dissolved by the 
water which saturates the cell- walls, and are conveyed by it to the 
point where they are to be consnmed. In like manner the cells 
lose by dLSnsion the gases evolved within them ; oxygen as a pro- 
duct of the decomposition of carbonic acid, carbonic acid as a 
product of respiration. 

Not only do gases thus circulate by diffusion, but they also move 
freely in the air-passages which usually occur in the tissues of 
plants, such as the intercellular spaces, the vessels (at any rate in 
summer), and the cavities formed by rupture, as in the stems of 
Grasses, TJmbelliferad, etc. These all communicate with each other 
and, in terrestrial plants, with the outer air by means of the 
stomata. If air be forced into a leaf which has a large number of 
stomata — ^for instance, by placing the blade of the leaf in the mouth 
and closing the lips tightly round the petiole — ^bubbles of air will be 
seen to escape from the cut surface of the petiole, if it be placed in 
water, which come out of the openings of the vessels. The converse 
of this experiment is not equally successful, because the stomata of 
the leaf when immersed become closed by water held by capillary 
attraction. 

A constant interchange is always going on by diffusion betweeii 
the air contained in these spaces and the contents of the cells ; the 
composition of the air is thus continually changing, and currents are 
set up between it and the outer air. This movement of the air in 
the internal cavities is promoted by the swaying of the plant under 
the influence of the wind, as well as by variations of temperature. 

Submerged water-plants have very large cavities filled with air, 
which do not communicate with the atmosphere by stomata ; an in- 
terchange of gases cannot take place directly between the individual 
cells and the atmosphere, but it takes place partly between the cells 
and the surrounding water which holds gases in solution, and partly 
between them and the air contained in the air-chambers. The gases 
frequently collect in these chambers in such volumes as to set up a 
pressure sufficiently great to rupture the surrounding tissues. 
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CHAPTER in. 
GEOWTH. 

§ 44. The Process of Growth. Plants and their organs 
grow, that is, they increase in bulk and at the same time alter in 
form ; these changes, which are permanent, are brought about by 
internal processes. A portion of a plant which has become withered 
increases in volume when placed in water, but this is not growth ; 
for if water be again removed from it, it returns to its former 
dimensions, and evidently no permanent change had been effected. 
But the case is quite different with a ripe seed ; if it be supplied 
with water it will germinate, that is, the embryo contained within 
it will begin to grow, and will escape from it. In this case perma- 
nent changes have taken place, and consequently no removal of water 
will restore the seed to its former condition. 

The most important of the internal processes which directly cause 
these permanent changes is the intercalation of new particles of 
solid matter as well as of water in the growing cell- walls, by the 
activity of the protoplasm. 

The presence of plastic material is an indispensable condition of 
growth, but this does not necessarily imply that the nutrition of a 
growing plant depends upon the simultaneous absorption of 
nutritious matters from without ; on the contrary, the young grow- 
ing parts of a plant are usually suppUed with plastic material from 
the older parts which have ceased to grow. These older parts may 
be reservoirs of nutriment, as the tubers of the Potato, or they may 
be factories of nutriment, as the leaves in annual plants, e.g,, the 
Tobacco ; here th6 full-grown leaves form starch, and the stem and 
young leaves grow at the expense of the plastic material thus 
elaborated. 

A second indispensable condition is the presence of water. This 
is required not merely to enter into the formation of the cell- wall 
and to convey the plastic materials, but to maintain the cells in a 
state of Turgidity, without which growth is impossible. The turgid 
condition is brought about by the endosmotic absorption of so much 
water that the elastic cell- wall is rendered tense by the hydrostatic 
pressure. As a consequence, the solid particles composing it are 
forced as far as possible apart from each other, the intermediate 
fluid areas are enlarged, and the intercalation of additional solid 
particles is rendered possible. 
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§ 45. The Growth in Length of Stems, Leaves, and 

Roots. Growth, is brought abont by internal causes ; there are 
parts of plants which, when they have attained a certain size and 
shape, are incapable of any further growth ; others, as the nodes of 
Grass-stems, may begin to grow again under certain circumstances. 
Growth is influenced by external conditions, such as moisture, 
warmth, light, and gravitation. It will be advantageous to study, 
in the first place, the course of growth when it is not affected by 
these external influences. Of this, the roots offer the simplest ex- 
amples. In a growing root three regions may be distinguished : 

I. The growing -point, where new cells are being formed in great 
numbers from the primary tissue (m^istem) by repeated division, 
but where no considerable increase of their size takes place. 

II. The elongating portion, that is to say, the part in which 
growth, chiefly in length, is taking place ; in this region the cells 
are increasing considerably in size, and cell-division occurs only in 
relatively small proportion. 

III. The fully-developed portion, in which various modifications of 
the cells take place, but no further growth. 

Stems which attain a considerable length grow much in the same 
way as roots ; in them also, as in roots, a mass of cells is formed by 
division at the apex, which undergo elongation at a lower level, and 
at a still lower cease to grow altogether. When, however, a stem 
possesses clearly defined internodes (see § 2), a further complication 
takes place, for within each intemode similar stages of growth 
are exhibited ; moreover, the nodes cease to lengthen at an early 
stage, whereas the internodes continue to grow for some time. 

Most leaves consist at first of primary tissue, the cells of which 
are undergoing division; they attain their full development in 
different ways, but in all cases no part of the primary tissue re- 
mains as a growing-point so as to provide for continued growth. 
These three stages, the preparatory, the growing, and the final, are 
successively gone through by each individual cell. So soon as it 
has been formed from the primary tissue, it begins to elongate in 
order to attain its definitive length. It grows at first slowly, but 
the rapidity of its growth gradually increases until at a certain 
period the maximum is reached ; it then gradually diminishes, and 
the cell finally ceases to grow. This periodicity of growth is co- 
incident in ail the cells which lie at the same level, so that in a 
growing part of a plant there is a certain zone where growtli is 
most vigorous, and on each side of it the rapidity diminishes. 
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Every part of a plant exliibits a grand period in the rapidity 
of its growth: it begins to grow slowly; at a certain time it 

grows with a maximnm rapidity; after this 
the rapidity of growth gradually diminishes 
nntil the whole organ is fully developed. 
Apart from the increase and diminution in 
the rapidity of growth, the time must be 
taken into account during which an organ 
can continue to grow, as well as its capability 
of attaining a certain length. For instance, 
it is easy to observe that the lower intemodes 
Pig. 69. — The growing ^^ most stems remain short ; that those above 
primary root of the Pea in them are longer ; .that those of a certain part 

^k^yiintlt'^^^dte. ^^ *^® s*®^ ^7 *^® longest; and that the 
tances. In B the differences upper ones again are short. In the same way 
in rapidity of growth are ^j^^ g-^^^ of the leaves attached to these various 

iwrceptible : the uppermost 

lines have not been sepa- parts of the stem increases from below to 
rated; the root has ceased aj^Q^t the middle, and then diminishes. 

to grow here. The lowest « .^. _., _^ .. *• ^n • 

likewise are still close toge- §46. The PropCrtlCS of GrOWing 

ther. At the growing-point PartS. If a stem which has ceased to grow 

here elongation has not yet . .. i .. -i > i* i • imi 

begun. In the intermediate ^ ^^ ^^^^^ portion, but whlch IS still groW- 

Bone the elongation has been ing at its upper part, be strongly bent, on 
very great. being released the fully-grown portion will 

resume its original position, whereas the growing part will retain 
the curvature given to it. From this it appears that the growing 
parts of a plant are highly flexible but imperfectly elastic. This 
explains the following experiment : if a sharp blow be given to the 
lower rigid part of a growing shoot of the Meadow Thistle (Oardwm 
pratensis)^ for instance, or to a strong shoot of the Raspberry, the 
upper growing portion becomes sharply curved ; this curvature 
persists after the shoot has come to rest, in such away that the 
apex is inclined towards the side from which the blow came. 

If a growing intemode be divided longitudinally down the middle, 
the two halves separate widely ; this is due to the fact that the pith 
tends to elongate more than the other tissues, and is prevented from 
doing so by them ; as far as their extensibility allows, these tissues 
are stretched, and in this way tensions are set up. If the various 
tissues be completely separated from each other with a sharp knife, 
each will acquire a different length ; the pith becomes longer than 
the intemode originally was; the outer tissues retain the same 
length or shorten, in which case the epidermis contracts the most. 
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§ 47. The Influence of External Conditions on Growth 

in Length. Tlie most important of these is Moisture. If the cells 
of an organ be not tensely filled with water (tnrgid), that organ 
will not grow at all. 

With regard to the dependence of growth upon Teitvperature, it is 
to be observed that the more favourable the temperature the more 
rapid is the growth. In general, the account given in § 61 of the 
relations existing between temperature and the vital functions of 
the plant holds good with reference to growth. 

lAgM exercises a retarding influence on growth. It is an old 
observation that those stems which develop ia the dark — ^for in- 
stance, potato-shoots in a cellar — ^grow to a much greater length, 
that is, they have much longer intemodes, than those which grow 
normally in the light. Plants which have grown in darkness, and 
which are therefore abnormal in form, are said to be etiolated. Their 
internodes are very long, their leaves are not green but yellow, and 
usually much smaller than the normal leaves ; this is due to a morbid 
condition induced by the absence of light, for the presence of light is 
an essential condition for the performance of certain important func- 
tions. The retarding action of light on growth also causes the 
curvature of stems which have been illuminated on one side only 
during their growth, as, for instance, in the case of plants grown in 
a window. The feebler the light to which it is exposed, the longer 
will an intemode become ; so, when the light comes from one side 
only, the side of the stem most remote from the source of light is 
more feebly illuminated, and coBsequ^itly grows longer than that 
which is nearer to the source of light ; as a necessary consequence, 
the st«m will curve in such a way that the concavity is directed 
towards the source of light. This property, which is exhibited by 
most organs, is known as positive Jieliotropism. Petioles are always 
positively heliotropic, and when illxuninated from one side only, 
they curve in such a manner that the upper surface of the lamina 
is always turned towards the light ; in this process, however, other 
properties also take part. In contrast to positive heliotropism, a 
negative heliotropism is exhibited by a few vegetable organs — e.g.^ 
the older intemodes of the stem of Ivy and many roots — ^which 
curve away from the source of light m consequence of the more 
vigorous growth of the more strongly illuminated side. The nature 
of heliotropism is not yet perfectly known. 

Gravitation also influences growth : it is manifest that most stems 
and trees grow straight up from the earth's surface at all parts of 
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the globe, in the direction of a prolonged radins of the sphere ; in 
the same way roots, and particnlarly primary roots, grow straight 
downwards, and branches and leaves grow ontwards at certain 
angles. If a growing stem be placed in a horizontal position, the 
growing portion cnryes (Fig. 70 s) so that its npper snrface be- 
comes concave, its lower 
convex, and it is said to 
be negatively geotropie ; con- 
w ^^ seqnently the free end is di- 

rected npwards and continues 
to grow in a vertical direc- 
tion. In the same way the 

^ ^ ^ ^ ^ ^ _,x X. . RTO^'^R ©iid of * root laid 

Pio. 70.— Carvatnre cansed by gravitation in ^ ^ o 

a seedHng of the Pea placed horizontally; the horizont-ally cnrves down- 
darkerontlineshows the original line of growth; -^gj^ TFiff. 70 tv) ' it is 
« Btem which has cnrved upwards (negative geo- _ i» • . • 7 

tropism); 10 the root which has curved down- therefore positively geotropic. 
wards (positive geotropism). jf }yy means of appropriate 

apparatus germinating seeds be caused to rotate round a centre 
in a vertical plane (KInight's machine), the roots obey the 
centrifugal force, as they do gravitation under ordinary circum- 
stances, and grow away from the centre in the radial direction; 
while the stems, on the contrary, grow towards the centre, in 
opposition to the centrifugal force. That the force which de- 
termines the direction of growth of parts of plants under ordinary 
circumstances is in fact gravitation, is not only indicated by the 
coincidence of the direction of the growth of the axes of plants 
with the radius of the earth at all points of its surface, but it can 
also be proved by direct experiment. Thus if plants are withdrawn 
from the influence of gravitation by being made to rotate slowly, 
so that at every moment the force of gravitation is acting upon 
them in a new direction, the effects produced by the action of 
gravitation in successive periods of time neutralise each other, the 
plants — roots and stems alike — ^will grow in indeterminate direc- 
tions. 

§ 48. Bilateral Structure of Plants. Many plants are so 

organized that their different surfaces do not grow equally ; thus 
ia jovng leaves the under surface at first grows more vigorously 
than the upper (hyponaaf'y), so that they lie folded over the end of 
the stem, and their subsequent unfolding is occasioned by a more 
vigorous growth of the upper surface (epinasty). This unequal 
growth depends wholly on internal causes and not on external 



§ 48.] CHAPl'ER III. — GROWTH. 93 

influences. Usually these phenomena are exhibited by two sur- 
faces, and such portions of a plant are said to be bilateral. But 
there are also parts of plants which become bilateral under the 
action of external influences ; organs, that is, the surfaces of which 
grow unequally because they are not equally sensitive to the action 
of these external influences. 

The co-operation of the internal causes, that is, the tendency 
towards a bilateral structure, with external influences such as light 
and gravitation, gives rise to the varieties of position which the parts 
of plants assume in nature, particularly the horizontal or oblique 
direction of stems, branches, leaves, lateral roots, and so on. 

It is by xmequal growth that those movements are produced 
which are expressed by the word Nutation. If the movement takes 
place only from behind forwards, or from right to left, in con- 
sequence of the alternately more vigorous growth of the posterior 
or right side and of the anterior or left side, the nutation is simple ; 
but if it occurs in every direction, in consequence of the more 
vigorous growth of each side in succession, the nutation is said to 
be revolving. 

Revolving nutation is very conspicuously exhibited by climbing 
plants, e,y., the Hop, Bean, Bind- weed, etc. (v. Fig. 15 B). So 
long as the growing end of such a stem does not come into contact 
with a support, the revolving nutation carries it round in a circle. 
If in the course of its nutation the anterior surface of the stem 
comes into contact with a support which is not too thick, the 
movement of nutation is altered in such a way that the apex 
of the stem, as it grows, will describe an ascending spiral around 
the prop as its axis ; then the turns of the spiral become steeper 
and narrower, and cling tightly to the support. Most climbing 
plants twine to the left, that is to say, the spiral ascends from 
left to right ; only a few, as the Hop, twine to the right. 

In climbing stems it is immaterial which surface comes into 
contact with the support : in this respect they differ from Tendrils, 
of which usually one side, and that the under side, is capable of be- 
coming concave as the result of contact with a support. They curve 
in consequence of the contact, which acts upon them as a stimulus. 
As a result of the curvature thus induced, fresh portions of the 
under surface are brought into contact with the support, and the 
curvature continues until at last the whole free portion of the 
tendril is wound round it. The stimulation which is effected by 
the pressure is propagated through the portion lying between the 
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support and the base of the tendril : this portion then contractii 
and assumes the form of a cork-screw, thus drawing the stem close 
up to the support (Fig. 15 A s). These curvatures of climbing 
plants and of twining tendrils are accompanied by torsion, that is, 
by a twisting of the organ round its own axis of growth. Torsion 
may be produced in various parts of plants, partly by external and 
partly by internal causes ; thus, to give one of numerous instances, 
horizontal or oblique branches with opposite decussate leaves may 
be found in which the leaves appear to be arranged in two rows 
only in consequence of the torsion which the intemodes between 
the pairs of leaves have undergone. 

The alternate opening and closing of many flowers, such as the 
Crocus, is likewise an effect of bilateral structure. The lower 
parts of the petals are still in a growing condition and are highly 
sensitive to changes of light and of temperature, so that when the 
temperature is rising and the light increasing, the inner side grows 
the faster and the flower opens; as the temperature and light 
diminish, the outer side grows the faster and the flower closes. 

§ 49. Growth in Thickness of Woody Plants. The 

processes of growth in the cambium which lead to' an increase in 
size of the wood and of the bast (§ 26) are subject, like those of 
growth in length, to certain specific internal laws. Thus in the 
Yew, for instance, very small annual rings are formed ; its growth 
in thickness is very small in comparison with that of Willows, 
Poplars, Elms, etc. Again, the first annual rings of a young tree 
are much narrower than those subsequently formed. 

Growth in thickness is very obviously dependent upon the 
quantity and distribution of the nutrient substances formed in 
the leaves. If a tree loses many of its leaves — as, for instance, 
when attacked by locusts — ^the formation of new wood is con- 
siderably diminished. The extent of the formation of new wood 
is not to be measured by the width of the annual ring, but by its 
cubic content ; for it is clear that the same amount of material 
will give rise to rings, the width of which will vary with the 
diameter of the wood rfready in existence. Trees which beaar 
branches and foliage down to the ground naturally have a larger 
supply of material for the formation of new wood in their lower 
than in their upper parts, and, as a consequence, the increase in 
size and the breadth of the rings of wood are greatest below, so 
that the stem has a distinctly conical form. On the other hand, 
those trees wl>ich bear a crown of leaves at the apex of a long 
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bare stem, even on the assmnption that the material is equally 
distributed and that the growth in thickness is consequently nni^ 
form throughout, exhibit wider rings in their upper than in their 
lower part : the form of their stems is nearly cylindrical. 

The pressure exercised by the cortex, rendered tense by, the 
growth in diameter of the wood, has an important influence upon 
growth in thickness. When this pressure is great, the increase of 
the wood is less than when the pi*essure is small. This explains 
the increafie in thickness exhibited by trees when planted out, 
before any important extension of the foliage can have taken place. 
The cortex, which had hitherto been in moist air in a confined 
space, is now exposed to the sun and to dry air ; it becomes brittle, 
and therefore can exert only a slight pressure. The pressure of 
the cortex has been shown experimentally to be the cause of the 
formation of spring- and autumn- wood. In consequence of the 
growth of the wood during the summer the pressure of the cortex 
becomes considerable, and, as the result, a smaller number of vessels 
are formed in the wood, and the external layers of wood-cells 
become flattened. In the spring the pressure diminishes in con- 
sequence of the rupture of the cortex, which has become dry 
during the winter, by the wood which absorbs considerable 
quantities of water and therefore swells. That most trees cease 
to grow in thickness about the middle of August is to be attributed 
to the fact that the pressure of the cortex attains its maximum at 
that time. With reference to the relation existing between growth 
in thickness and temperature, it may be mentioned that the cam- 
bium of roots which have penetrated to some depth into the soil 
is active even in winter* 



CHAPTER IV. , ' 

THE IRRITABILITY OF MATURE ORGANS. 

§ 50. The curvatures and movements which have hitherto 
been considered are only manifested so long as the organs in 
which they occur continue to grow. But there are many organs, 
particularly leaves, in difEerent plants, which perform movements 
even after they are fully grown. The internal processes which 
produce them are highly complicated; they essentially depend 
upon an expulsion of water, in consequence of stimulation, from 
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#^/T>^, T}>e lateral leaflets of the leaves of Hed^iormm (Besmo- 
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Ant//nf( the leaves which exhibit periodic movements there are a 
few which possess this peculiaritj, that contact with a fordgn body 
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causes them to pass from the diurnal to the nocturnal position 
is particularly conspicnous in the leaves of Mimosa pudica. 

The stamens of many flowers, e.g., of Eerberis and Centanrea, are 
sensitive only to contact ; thoae of Berberis when at rest are ex- 
tended widely apart ; if they are tonched on their inner snrfaces 
liiey bend conoavely inwards ho as to approach the stigma: those 
of Centanrea contract Then touched, and thereby agitate the whole 
inflorescence, for they are inserted npon the tnhnlar corolla. The 
florets are closely aggregated in the capitnlnm, and, if the hand 
is I^htly passed over it, an active tremnlons movement of all the 
floreta occurs. 

The hair-lite appendages (tentacles) of the leaf of Drosera (Fig, 
72 A), each 
which bears an i 

apical gland, curve . 
inwards when a 
foreign body 
tonchee the glands, 
or if they are 
moistened with a 
nitrogenoos flnid, 
in snch a way that 
the apical glands 
are collected to- 
gether at the centre 

cu I e -D IT.- F.B. n.-L«f of D.-owa Totuiiiifolv.. J Kiiwiflea, J 11.8 

Ottbeleat. Jtytms lentsclmof tboadgB of thelefrf; m thestoutlj-atalkBd glrnds 

means small insects 1° •*'» ""W'a- » A" Ois tontaolo» bne bont lomrdi th« 

t ■ i_ 1 , middle ftt Hia touoh of nu insBcL c 

which have been 

canght by the viscid secretion of the glands are convoyed to the 
middle of the leaf, and are there brought into contact with as 
many of the glands as possible; their secretion dissolves eH the 
nitrogenous constituents of the insect, and these are absorbed into 
the plant. Other carnivorous plants have still more complicated 
motile mechanisms for the same purpose. 

In order that movemente of the leaves may take place, the plant 
must possess a certain degree of irritability. Long-continned ex- 
posure to darkness, or to too high or too low a temperature, or the 
action of chemical or electrical stimuli, induces a condition of 
rigidity : when this is the case, no stimulus will produce any move- 
ment. 
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CHAPTER V. 
THE GENERAL CONDITIONS OF PLANT-LIFB. 

§ 61. Temperature. As, with a few exceptions, the evolution 
of heat within the plant itself is extremely slight, its temperature 
depends almost entirely upon that of the surrounding medium: 
equilibrium is set up between it and the plant partly by conduction 
and partly by radiation. Since plants are bad conductors of heat 
— that is to say, they undergo changes of temperature very slowly 
— ^when the changes in the temperature of the air are rapid and 
extreme, the temperature of a plant is frequently different from 
that of the air, either higher or lower ; but when the changes are 
slow, as is the case when the surrounding medium is water, or earth, 
the temperature of the plant is very nearly the same as that of the 
medium. As regards radiation, it is an important cause of changes 
of the temperature of plants, particularly of leaves. When the sky 
is clear, these organs become much colder than the surrounding air, 
particularly at night, in consequence of radiation, and it is on this 
fact that the formation of dew and hoar-frost depends. A further 
cause of the cooling of those parts of plants which have a consider- 
able extent of surface exposed to the air, is evaporation, which 
operates chiefly by day, and tends to reduce the temperature of the 
leaves below that of the surrounding air. 

Every process going on within a plant is connected with a certain 
range of temperature, that is to say, there is a certain minimum de- 
gree and a certain maximum degree of temperature, below or above 
which the process in question cannot take place. This obtains for 
growth, for the formation of starch, for the movements of protoplasm, 
for the activity of the roots, and so forth. Between these limits — 
the maximum and minimum — ^there is for every function an optimum 
temperature^ different for every plant, at which that function is per-* 
formed with the greatest activity. Thus, when the temperature is 
rising to the optimum, at every degree it is more favourable ; if it 
rises beyond the optimum towards the maximum, at every degree it 
becomes less favourable to the performance of any particular function. 

It may be generally assumed that all the vital processes of our 
indigenous plants begin at a certain number of degrees above 
freezing-point ; that up to 25° or 30° C. they increase in intensity 
and reach their optimum at about 30°; that their activity diminishes 
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frum 30° to 45°, and that they wholly ceaoe at abont 50°. In plant* 
of warmer climates the lower limit is considerably higher; thus a 
Oonrd seed will not germinate at a temperature below 13° C. 

Death, caueed by axpoanre to too high a temperature, ie affected 
by the presence of water; thus, while dry peae lose their germinatjng 
power only after exposure for an honr to a temperatore of over 70" 
C, they are killed at a temperature of 54° if they are saturated 
with wat«r. Most parts of plants will not bear a higher tomperatnro 
than aboat 50° C. in air or 45° C. in water for any length of time. 

The freezing of plants, that is, their injury or death by cold, only 
occurs if the temperature of the plant falls some degrees (in some 
cases even many degrees) below the freezing-point, and if at the 
same time the plant is in a condition to become frozen. Many plants 
are not killed by froat, such as Lichens and many Mosses and 
Fungi ; jnst those plants which can also bear drying up without 
snQering any damage. The dry parte of plants in general, most 
seeds, for instance, and the winter-buds of trees, are not at all sen- 
ntire to cold, whereas, if they contain a considerable quantity of 
water, as is the case when buds are in process of development and 
in succulent parts of plants, they freeze 
very readily. If an organ containiDg 
much water be exposed to cold, a cer- 
tun quantity of water, proportionate 
to the depression of the temperature, 
escapes from the cells and freezes on 
their surfaces, and the tissues contract 
in proportion; the water does not freeze 
inside the cells. The frozen water 
forms an incrustation npon thecells {K ,„, js._TrBiuyer«e seciion or n 

Fig. ?3)of distinct Crystalslyingparallel frotea Iwf-sUlkof Cima™ Swlimim; 

to each other consistmg of almost pure ^,,j^ ^ ,^,^1, ^ ^■^^^ t™,Tei«B 
ice, for the substances held in solution BecUona or tho flbro-vMcntar bnndiM 
by th. w.to- ». r*»med by tb. r.. f^^^^^ ^'t^Z'^Z 

mining cell-sap, which becomes there- priBnu (tbs cayitiei or tbs raptured 

fore more concentrated. It is certain •'»'" »™ "e" '>'** " *'^* ««™>- 
that a great many plants are not injured by this formation of ico 
in itself, for, if the thaw is slow, the cells reabsorb the water and 
return to their normal condition. But if the thaw. is effected very 
quickly, tho laigo qnantity of water which is suddenly formed 
cannot be absorbed with sufficient rapidity by the cells, and it 
collects in the intercellula'' spaces : it either induces decay in tha 
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plant or it escapes and is evaporated, and the plant dries up. 
However, many parts of plants, as the leaves of the Pumpkin, 
cannot be preserved from death even by the most careful thawing. 

Frost causes radial splitting of the stems of trees : the fissures 
close up when the temperature rises, but healing can of course take 
place only in the cortex. The splitting is due to the unequal con- 
traction of the wood, that of the external parts which contain much 
water being the greater. 

Cold exercises a peculiar influence on many green leaves; the 
twigs and leaves of Thuja, Ilex, and others, turn to a reddish brown 
colour in the cold, and become green again under the influence of 
warmth. This change of colour, usually from green to a light brown, 
results from a modification of the chlorophyll itself, and must not be 
confoiinded with the red colour that many leaves assume in autumn 
and winter, e.g., of the Virginia creeper, and which is due to the 
presence of a colouring-matter in solution. 

§ 52. Light, .as has been seen, is indispensable to the formation 
of starch ; but when that process has been accomplished, the sub- 
sequent processes of metabolism and growth can go on without the 
aid of light, though they may be more or less affected by its 
influence. Shoots can grow from organs containii^ supplies of 
nutrient material, such as potatoes, in complete darkness : the 
growing end of the stem of a vigorous plant, if introduced into a 
dark chamber, will produce leaves, flowers, and fruit ; its nourish- 
ment berag supplied by the lower leaves which remain exposed to 
the light. If the modifying influence which light exercises on 
growth, metabolism, and similar processes, be considered, five sets 
of effects may be distinguished, which are produced by the action of 
light upon the vital processes of plants. These fall under two 
heads : — I. The chemical effects^ which are produced for the most 
part by the less refrangible (yellow) rays of the spectrum (in this 
respect they contrast strongly with the chemical action of light on 
salts of silver) ; and 11. The inechanical effects, which are produced 
chiefly by the highly refrangible (blue) rays of the spectrum. 

The chemical effects are — 

I. The formation of chlorophyll ; this is in so far dependent on 
light that the colouring-matter cannot acquire its green hue, but 
remains yellow, although the particles of protoplasm which con- 
stitute the chlorophyll-corpuscles become differentiated from the 
rest of the protoplasm in the dark. The co-operation of light is 
indispep sable to the formation of the green colouring-matter, and 
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this effect is not exclusively confined to the rays of low refrangi- 
bility, but is produced to some extent also by those of high 
refrangibility. In only a few cases — as the seedlings of Conifers 
and the leaves of Ferns — do the organs of plants turn green in the 
dark. It must not be forgotten that the formation of chlorophyll 
depends also on the temperature, and will not take place if it be too 
low; hence the shoots of plants which break through the soil irn 
very early spring may remain yellow if the weather is cold, irn 
spite of the exposure to light, until warmer weather sets in. 

n. The dependence of the formation of starch on light has already 
been pointed out (§ 33) ; the influence of the rays of high refrangi- 
bility is here very slight. 

The mechanical effects are— 

III. The phenomenon that in many plants a strong light pro- 
duces a fading of the colour of leaves and other green parts, while 
those which are shaded remain a dark green. It has been ascer- 
tained that this change of colour is due to a change in the position 
of the chlorophyll-corpuscles in the cells effected probably by the 
protoplasm. It appears that when the cells are exposed to diffuse- 
daylight, the chlorophyll-corpuscles collect on the upper and lower 
walls of the cells, or rather, they arrange themselves in planes per- 
pendicular to the direction of the incident ray (episirophe) ; but 
when the cells are exposed to bright sunlight, the chlorophyE-cor- 
puscles collect on the lateral walls of the cells, or rather, arrange 
themselves in planes parallel to the direction of the incident ray 
(apostroplie). Removal of the leaves from diffuse daylight into 
darkness also produces apostrophe. Many zoo-spores move towards 
the light while others, on the contrary, avoid it. 

rV. Cell-division is independent of light. It frequently proceeds 
in parts to which no light can penetrate — as in many growing- 
points and in the cambium — ^with as much activity as in other parts 
which are fully exposed to light, as frequently in the formation 
of stomata. On the other hand, the growth of all those organs 
which are positively heliotropio is greatly influenced by light ; that 
is to say, that it is considerably retarded : this effect is produced by 
the more refrangible rays exclusively. 

y. Light acts on irritable motile organs in two ways ; in the 
first place an increased intensity of light induces the assumption of 
the diurnal position (^parcUonic action) y in the second place the con- 
dition of irritability is intimately connected with the normal expo- 
sure of the plant to the influence of light (phototonits). {See § 50.) 
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§ 53. Gravitation. All plants and all parts of a plant are 
natnTally subject to the action of gravitation. It has already been 
pointed out (§ 47) how this influences the direction of growth o£ 
the organs of plants producing the phenomena of Geotropism. 
Plants exhibit various adaptations for the purpose of maintaining a 
definite relation between the weight of their different parts and the 
discharge of their functions. The rigidity of their woody tissue 
enables boughs to support the weight of their leaves and fruit; 
climbing and twining plants avail themselves of foreign bodies for 
the same end. Water-plants have various appliances, such as air- 
containing spaces, very much elongated stems, etc., for raising the 
different parts to the surface of the water. The seeds and fruits of 
many plants are provided with hairy, feathery, or winged append- 
ages to facilitate their transport by the wind. 

§ 54. Electricity. The many chemical processes which go on 
in plants must be accompanied by electrical phenomena. As plants 
are good conductors, the difference of the electric tension of earth 
and air is equalised by means of them: that this is the case is 
shown by the fact that tall trees are frequently struck by lightning-. 
Beyond this little is known. Highly electrical conditions of the 
atmosphere act upon sensitive leaves, as those of the Mimosa, like 
mechanical stimuli; and protoplasm, when stimulated electrically, 
exhibits no special phenomena which might not be produced by 
other means. 



CHAPTER VI. 
BEPRODUCTION AND ALTERNATION OP GENERATIONS. 

§55. Reproduction. Many plants are reproduced by bulbils 
(see § 5) which become separated from them ; a similar mode of 
multiplication is effected by stems — ^more particularly under-ground 
rhizomes, creeping stems and such like — which branch and con- 
stantly die aMtay from behind forwards so that the lateral shoots 
become so many isolated and independent plants. The branches, 
and even leaves, of many plants, when artificially severed from 
them, will take root under favourable conditions, and form new 
plants. Again, many unicellular plants multiply by division. 
These various modes of propagation may be grouped together 
under the head of vegetative reproduction. 

But, besides this, all plants, with the exception of a few of the 
lower Alg88 and Fungi, exhibit true reproduction^ that \a, repto- 
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dnction by means of special cells. These cells may be produced in 
two ways : 

(a) Asexually : The reproductive cell formed in this manner is 
capable, by itself, of giving rise to a new individual. 

In the Thallophytes these cells are known by a variety of names, 
snch as teleutospores^ uredospores, sporidia, stylospores, tetrasporesj 
zoospores (when they are motile), conidia, or simply as spores. 
In the MiLscinese and in the Vascular Cryptogams they are also 
termed spores, but in the BhizocarpesB and in the SelaginellesB 
two kinds of spores are present, which are distinguished, on 
account of their relative size, as microspores and macrospores ; 
these plants are therefore said to be heterosporous^ In the 
Phanerogams the pollen-grains represent the microspores, and, like 
them, are set free from the parent plant : the macrospores find their 
representatives in certain structures which are contained in the 
ovule, but which are not set free from the parent-plant. These 
spores are, however, not always unicellular ; those of some Fungi 
are multicellular, as are also the pollen-grains of Phanerogams. 

(6) Sexually: The reproductive cell formed in this manner is 
essentially the result of the union of two specialised reproductive 
cells, neither of which, by itself, is capable of giving rise to a new 
individual. 

The details of the process of union are not the same in all groups 
of plants, and a prefix is added to the word " spore " to indicate 
the precise mode in which the sexually-produced reproductive cell 
has been formed in any particular case. In most Cryptogams the 
coalescence takes place between two cells which differ greatly both 
in size and form, of which one is the male and the other the female, 
which are developed in special organs termed antheridia (male) 
and archegonia or oogonia (female). The process is then termed 
fertilisation. In this case the male cell is a small mass of proto- 
plasm, usually without a cell- wall, but endowed with spontaneous 
motility, which is termed an antherozoid: it penetrates into the 
female reproductive organ and coalesces with the female cell, the 
oosphere, which is likewise a naked primordial cell, but is much 
larger than the antherozoid and is not motile. As a consequence of 
fertilisation, the oosphere becomes surrounded by a cell- wall, and 
is then termed an oospore. 

But the differentiation of antherozoid and oosphere is not so 
complete as this in all plants. In the PeronosporeaB, for instance, 
the oosphere is differentiated, but the antherozoids are not ; thp 
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protoplasmic contents of the male reproductive organ, wluch 
fertilise the oosphere, are qnit^ undifferentiated. This is the case 
also in Phanerogams; here the fertilisation of the oosphere is 
effected by means of the undifferentiated protoplasmic contents 
of those outgrowths of the pollen-grains which are known as 
poUen-tuhes. In the Lichens and in the floridesd the cells corre- 
sponding to the antherozoids of other Cryptogams are provided with 
a cell- wall and are not motile, and in these plants also there is no 
distinctly differentiated oosphere in the female reproductive organ. 
In the other Ascomycetes in which sexual reproduction is known 
to occur, neither antherozoid nor oosphere is differentiated, but 
the male and female reproductive organs coalesce. These last- 
named groups of plants have this peculiarity in commoli, that the 
product of fertilisation is not a single cell, but a number of cells 
usually contained in a fructification and therefore termed carpo- 
sporesy those of the Ascomycetes being further distinguished, on 
account of the mode of their development, as ascospores. In cer- 
tain Alg89 and Fungi (ZygosporesB) the two cells which coalesce are 
usually similar in size and form, and they are either both stationary 
or both motile ; in this case the process of union is termed cmijuga^ 
Hon, and the resulting cell a zygospore* It is of course impossible 
to say with certainty which of the coalescing cells is male and 
which female. 

In the Thallophytes the sexually-produced reproductive cell 
(oospore, zygospore, carpospore) is set free from the parent-plant 
before it germinates : in the Mosses and Vascular Cryptc^ams the 
oospore developes whilst still included in parts of the parent^lant ; 
in the Phanerogams also it developes to a certain extent and forms 
the embryOy but at this stage its development is arrested, and it is 
then thrown off, together with certain parts of the parent-plant, as 
the seed. 

Seznal reproduction has not yet been actually observed in the JScidlomycetes 
(XJredineaB), but on the ground of analogy, their cecidiospores are generally con- 
fiddered to be carpospores like the ascospores of the Ascomycetes. 

Instances are on record m which an oosphere has given rise to a new 
individual without having been previously fertilised by an antherozoid; this 
has been observed in the Saprolcgnieie and in Cliara crinita. This is termed 
parthenogenetU, 

§ 66. Alternation of Generations. In the higher Crypto- 
gams it can be readily observed that a reproductive cell, whether 
produced asexually -or sexually, does not give rise to an in^ 
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dividnal similar to the one which bore it. If it be a spore, it 
gives rise to an individual which bears sexnal organs; if it bo 
an oospore, it gives rise to an individual which bears spores. 
Thus there come to be two distinct generations in the life-history 
of one of these plants, the one, termed the sporophore, which is 
asexual and bears spores, the other, termed the oopJiore, which 
is sexual and produces the male and female reproductive organs, 
and these two generations differ considerably from each other in 
appearance. This is what is meant by the phrase Alternation of 
Generations, In a Moss, for example, the ordinary moss-plant is 
the oophore ; the product of the development of the oospore is not 
an individual similar to the parent-plant, but a fructification, 
called the sporogonium, in which spores are formed. When the 
spore of a Fern germinates, it does not give rise to a fern-plant 
with stem and leaves bearing spores, but to a small flattened 
cellular body, the prothallium, which produces the antheridia and 
archegonia : it is from one of the fertilised oospheres of the prothal- 
lium that the ordinary spore-bearing Fern is developed. The alter- 
nation of generations becomes more difficult to trace in ascending 
from the Ferns to the Phanerogams, on account of the gradual 
diminution in size of the oophore : in the heterosporous Vascular 
Cryptogams the prothallium does not become free from the spore 
from which it is developed; the prothallium which is developed 
from the microspore produces only male organs, and the prothal- 
lium which is developed from the macrospore produces only female 
organs : in the Phanerogams, the pollen- tube alone represents the 
male prothallium, and, inasmuch as the representative of the macro- 
spore is not set free from the plant which bears it, the structures 
which represent the female prothallium of the heterosporous Vas- 
cular Cryptogams are enclosed in parts belonging to the sporo- 
phore. In a Phanerogam, then, the plant is the sporophore, the 
oophore being only represented by the pollen-tube and by certain 
cells contained in the ovule. 

In the Thallophytes no such alternation of generations can be 
traced. In some of them, such as Fucus, the only reproductive 
cells which are formed are oospores: in others the same in- 
dividual produces spores sexually at one time and asexually at 
another, and in others again these two processes may go on 
simultaneously. For these reasons it is impossible to distinguish 
sporophore and oophore as has been done in the higher Crypto* 
gams and in the Phanerogams. 
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THE CLASSIFICATION OF PLANTS. 



Introductory Remarks. A systematic classification of plants 
may be arrived at by either of two methods. In the first, the 
different forms of plants are arranged according to some one given 
principle ; by this means order is established, and a definite position 
in the system is assigned to each plant. Many snch systems have 
been devised, and are known as artificial systems. The principle 
of classification in snch a case mnst be determined more or less 
arbitrarily and withont considering whether or not, in the resulting 
arrangement, the plants which are nearly allied are always bronght 
together, and those which are less nearly allied are kept apart. 
The best known of these artificial systems is that of Linnsens, 
called the sexnal system, which classifies plants by the nnmber 
and mode of arrangement of the sexnal organs. These organs, 
in his time, were known only in the Fhaiierogams (seed-bearing 
plants) ; to the great gronp of the Cryptogams, which Linnsens 
regarded merely as a subsidiary department of the Vegetable 
Kingdom, this principle is inapplicable. 

The natural system, to the gradual development of which a more 
exact knowledge of the reproduction of Cryptogams has largely 
contributed, has for its object the classification of plants according 
to their fundamental relationships, and as these are established 
once for all by Nature itself, the natural system is not based upon 
any arbitrary principle of classification, but depends upon the 
state of our knowledge of these fundamental relationships. These 
find their expression in the structure and other characteristics of 
the reproductive organs, as well as in the relation of reproduction 
to the alternation of generations. 

This is more particularly true with regard to the definition of 
the larger groups of the Vegetable Eangdom ; within these groups 
1 jlationships may be exhibited sometimes in one way and some- 
times in another, so that it is not possible to lay down any universal 
rules for determining close affinities. 

As the investigation of this subject is still far from complete, the 
natural system cannot be regarded as being perfectly evolved; 
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fche various general sketches which have hitherto been given are 
therefore no more than approximations to the truth. The system 
laid down in the following table has no pretension to be regarded as 
the only correct one ; it is selected simply because the arrangement 
it offers appears to answer most nearly to the present state of 
knowledge of morphology and afi&nity. 

The following Table exhibits, provisionally, the main divisions of 
the vegetable kingdom : — 

Isfc Group. Thallophyta. Plants of very simple structure, 

without any differentiation of leaf and stem, with- 
out true roots or fibre- vascular bundles. 
Class 1. AlgoB. 
„ 2. Fungi. 
2nd Group. MllSCinese. The plant which is developed from 

the spore has generally a distinct stem and leaves, 
but possesses neither fibre- vascular bundles nor 
roots, and bears the sexual organs (oophore). 
The fertilised oosphere gives rise to a capsule 
containing spores (sporophore). 
Class 3. Hepaticed. 
„ 4. Musci. 
3rd Group. Pteridophyta. From the spore a small pro- 
thallium is developed which bears the sexual 
organs (oophore). From the fertilised oosphere a 
plant is developed consisting of stem, leaves, and 
roots, containing fibre- vascular bundles and pro- 
ducing spores (sporophore). 
Class 5. FilicinsB. 

6. Equisetaceaa. 

7. Lycopodinee. 
4th Gcoup. Phanerogamia. These plants are characterized 

by the production of true seeds containing at 
maturity a minute plant (embryo), furnished 
with rudimentary root, stem, and leaves. The 
ovule contains the oosphere from which the em- 
bryo is developed in consequence of f ert.ilisation. 

Gymnospermae. 

Class 8. Gymnosperm89. 

Angiospermae. 

Class 9. Monocotyledones. 
„ 10. Dicotyledones. 



n 



V 



A. 



B. 



lOS PART IV. — THE CLASSinCATION OF PLANIS. 

If the characteristics whicli are common to several groups be 
especially considered, the Phanerogams m.ay be distinguished as 
seed-bearing plants from the three gronps of Cryptogams; the 
Thallophytes and MuiscineaB may be distingnished as non-vascular 
plants (cellular plants) from the higher Cryptogams and the Pha- 
nerogams which are vascular plants, and the Thallophytes from the 
three gronps which exhibit a difEerentiation of leaf and stem, and 
which are termed Cormophytes, 

The above-mentioned Classes are of very nneqnal extent; for 
while certain of them, as the EquisetacesB, inclnde few forms and 
those for the most part very closely allied, others, as the Dicotyle- 
dones and the Fungi, inclnde an enormous number of very different 
forms. These discrepancies arise from the very nature of the 
natural system, for a great diversity does not necessarily display 
itself in a type which is represented by a single class, and it must 
not be forgotten that probably the few living representatives of 
many Classes, for instance of the Lycopodin®, are but the surviving 
remnant of various once well-represented orders which have be- 
come in great measure extinct. 

Those Classes which include a sufficiently large number of forms 
are subdivided into subordinate divisions, as (1) Sub-classes, (2) 
Series, (3) Cohorts, (4) Orders, and these again, if necessary, into 
Sub-orders, etc. ; but these names are applied in the most arbitrary 
manner to the different sub-divisions. The two narrowest system- 
atic conceptions, viz., Genus and Species, are used to indicate an in- 
dividual plant. Under the term Species are included all individuals 
which agree so closely that they may be considered as having all 
descended directly from a common ancestral form. New pecu- 
liarities may no doubt — though comparatively seldom — occur in 
the course of multiplication : the individuals characterized by these 
new peculiarities are regarded in classification as varieties of the 
species. When several species resemble each other so distinctly 
that their general appearance indicates a relationship, they are 
grouped together in a Genus. The limits of genera are consequently 
by no means fixed, but vary according to the views of individual 
botanists* In the larger genera the species are grouped into Sub- 
genera, 

The scientific name of every plant consists — on the plan introduced 
by Linnaeus — of two words, the first indicating the name of the 
genus, and the second that of the species. Thus, for instance, the 
greater Plantain, Plautago majors and the Bibwort, Plantago 
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Innceolafa, are two species of the genus Plantago. Since in early 
times tlie same plants were often described under different names, 
and as different plants were often designated by the same name, it 
is necessary in scientific works, in order to avoid confusion, to 
append to the name of the plant the nalne of the botanist who is 
the authority for it. Thus Plantago lanceolata L., indicates that 
InnnsBus gave the plant this name, and at the same time that the 
plant meant is the one which Linmeus described and to which he 
gave the name. Again, the Spruce Fir is called Abies exceUa D. C. 
(De CandoUe), while the same plant was placed by Linnaeus in the 
genus Pinus under the name Finns Abies L. ; hence these names are 
synonymous ; but Finus Abies Duroi, is another plant altogether, 
the Silver Fir. 

The method by which each plant has its place assigned to it in 
the natural system is exhibited in the two following examples — 
I. Flantago major ; II. Agaricus muscarius : — 

X. Group : Phanerogamia. 

Division: Angiospermae. 
Class: Dicotyledones. 
Sub-class: Gamopetaloe. 
Series : HypogyneB. 
Cohort: Lamiales. 
Order: Plantagincco. 
Genus: Plantago. 
Species: Major. 

IT. Group: Thallophyta. 

Class : Fungi (Garposporece), 
Order: Basidiomycetes. 
Tribe: Hymenomycetes. 
Family: AgaricinsB. 
Genus: Agarictis. 
Sub-genus: Amanita. 
Species : Muscarius. 
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GROUP I. 

THALLOPHYTA. 

This group Includes the lowest forms of vegetable life. They pre- 
sent no differentiation of stem, leaf, and root, and some of them are 
onicellnlar^ the entire organism consisting of a single cell. In the 
lowest members of this gronp there is no sexnal reprodnction ; in 
the higher, the product of sexual union may be a zygospore or an 
oospore, or a mass of carpospores, or a fructification within which 
carpospores are formed. The division of the group into the two 
classes Algae and Fungi is artificial, in that it is based upon the 
presence (Algae) or absence (Fungi) of chlorophyll. Still it is 
probable that these classes are on the whole really natural, and 
that the evolution of liigher forms proceeded equally in both. 

General Classification of Thallophytes. 

A. Frotophyta, 

No sexual reproduction. 
AlgcR, Fungi, 

rhycochromaceee. Schizomycctes. 

Saccharomycetes. 

B. Zygosporm. 

Sexual reproductioi; by- conjugation. 
Product, a zygospore. 
Conjugatee. ' Zygomycetes. 

ZoosporesB. Myxomycetes (?).* 

Botrydiaceee. Chytridiaceae. 

C. Oosporece, 

Sexual reproduction by fertilisation. 
Prcdact, an oospore. 
Siphoneae. Saprolegnieae. 

Volvocineae. Peronosporeae. 

OBdogonieaB. Entomophthorcac (?). 

Coleochaetead. 
GharaceaB. 
MelanophyccaB. 

• The note of interrogation indicates that the occurrence of sexual reprodnc- 
tion has not been definitely ascertained in the Order to which it is appended. 
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D. Carposporece. 

Sexual reprodnction by fertilisation. 

Product, numerous carpospores. 

Algoe. Fungi. 

FlorideaB. Ascomycetes. 

UredinesB (-^cidiomycetes) (f). 
UstilaginesB (?). 
Basidiomycetes (?). 
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Class I.— ALGuE. 

These are plants of the simplest structure, which either live in 
water in the form of green, blue-green, or brownish filaments or 
masses of cells, or clothe damp surfaces such as rocks, walls, or the 
bark of trees, with a covering of one or other of these colours. In 
the sea they attain often a very considerable mass ; some of them 
are of a beautiful red or brown colour, and attract the attention of 
the observer, partly by their gigantic size and partly by the elegance 
of their ramification. Whilst some are unicellular, existing through- 
out their whole lives as single cells and producing new individuals 
by division, others form long rows of cells, or considerable masses 
or extended surfaces of cellular tissue. 

The most important feature in which the plants of this Class 
differ from the Fungi is the presence of chlorophyll and the con- 
sequent mode of life. The AlgsQ are able to form the organic sub- 
stances necessary for their nutrition, whereas the Fungi are obliged 
to obtain them from other organisms. The presence of chlorophyll 
is obvious enough in the green Algae, but it exists also, though less 
evidently, in Algss which have a bluish-green, olive-green, brown or 
red colouring-matter in addition in their chlorophyll-corpuscles. 
The nature of this additional colouring-matter is usually the same 
throughout whole families which also resemble each other in their 
modes of reproduction. 

The reproduction of the Algae, when it is not merely a process of 
division, is effected by cells which are produced sexually or asexu- 
ally. The former are designated by terms which indicate the 
special mode of their development (zygospore^ oospore^ carpospore) : 
the latter are spoken of generally as spores (zoospores when they 
are motile). Reproduction by means of zoospores is very common 
in this class (Figs. 37 and 80) : these are small protoplasmic bodies, 
without cell- walls, formed either by the div^ision or the rejuvenes- 
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cence of a cell, which move through the water by means of delicate 
filaments, the cilia: after a time they come to rest, become in- 
vested by a cell- wall, and give rise to new individuals by growth 
and cell-division. 

In the very lowest forms reproduction is effected neither sexually 
nor by means of zoospores. In the ConjugateB the entire contents 
of two cells unite to form a zygospore. In many ZoosporesB two 
zoospores, which may or may not be exactly similar and which 
are usually formed by cell-division, coalesce to form a zygospore. 
To these naturally follow those orders in which only the bmall 
male cells (antherozoids) are motile, the female cells being the 
oospheres which remain in their mother-cells (oogonia) and dre con- 
verted into oospores in consequence of fertilisation. The oospores 
may or may not be invested by special integuments, and, on ger- 
mination, may give rise to one or more individuals. From these 
the FlorideaB differ in the peculiar structure of the female organs 
and in the formation of a number of reproductive cells, the carpo- 
3pores. On the other hand the Zoosporeee resemble the BotrydiacesB, 
which have only lately been accurately studied ; but there is this 
difference, that the zygospore of the former group undergoes a 
period of rest before it germinates, whereas that of the latter 
germinates immediately after its formation. This is also the case 
with the oospore in the Melanophyceae, so far as their mode of 
reproduction is known at present ; in them +Jie oosphere, though it 
is set free before fertilisation, is not motile. 

If, in addition to the modes of reproduction, the general vegetative 
structure of the AlgsB be considered, a classification such as the 
following may be constructed. This must of course be considered 
as only provisional, since the reproduction of many forms is still 
unknown, and it is therefore only possible to assign them a system- 
atic position by a consideration of their vegetative structure. 
I. Sexual reproduction unknown ; no zoospores. 

Order 1. Phycochromaceee ; bluish-green Algae. 
II. Sexual reproduction, effected by the conjugation of the 
entire contents of two stationary cells. 

Order 2. Conjugatae. 
III. Sexual reproduction, effected by the conjugation of zoospores. 

Order 3. Zoosporeae ; the product of conjugation is a 
resting zygospore. 

Order 4. BotrydiacesB ; the product of conjugation is a 
zygospore which germinates at once. 
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TV. Scxnal reproduction (so far as is at present known), effected 
by the fertilisation of a free oosphere ; from the oospore 
a new individual is directly developed. 
Order 5. Melanophyceee. 
V. Sexual reproduction, effected by fertilisation within special 
female organs (Oogonia and Carpogonia). 

A. The thallus a single, much-branched, filamentous cell. 

Order 6. SiphonesB. The oospore gives rise to a single 
new individual : female organ an oogonium. 

B. The thallus is multicellular. 

(a.) Female (yi*gan an oogonium. 
Order 7. Volvocinese : thallus motile. 
Order 8. CEdogoniesB : thallus filamentous. 
Order 9. ColeochsBteeB : thallus consisting of rows of 

cells : oospore with a special cellular investment. 
Order 10. Charace83: the oosphere has a cellular in- 
vestment before fertilisation. 

(b.) Female organ a carpogonium. 
Order 11. Florideee (red Algae) : the female organ has 
a complicated structure: numerous spores produced 
in consequence of fertilisation. 
1. Phtcochromacej;, or blue-green AlgaB. Neither sexual repro- 
duction nor formation of zoospores is known in this order : multi- 
plication is effected most frequently by 
cell-division, which takes place in some 
cases in more than one plane, but some- 
times also by means' of spores. Several 
of the genera are unicellular, e.g,, Gloeo- 
capsa (Fig. 74), Chroococcus and others. 
The separate individuals are sometimes 
enveloped in a gelatinous diffluent mem- 
brane, and are thus united into colonies 
or families forming a blackish or dark- 
Hue film on rocks or Mosses. Others Ji'f:!*!:?!!""?^'"^' » 

vanous stages. A becomes B, 

appear as many-celled filaments : Nostoc c, D, E by repeated division. 
(Fig. 75 A) for instance, consists of rows ^^"^ ^^^^'^ 
of cells forming brownish gelatinous masses which are often to be 
found after wet weather on paths or sandy soil ; in a dry state 
they are inconspicuous and of a dark colour. The OscillariesB 
(Fig. 75 B), the filaments of which exhibit peculiar locomotor move- 
ments, are often seen as blue-green or brown-green patches floating 

I 
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OD stagnant waters and baring a very disagreeable Btnell. The Ki< 
ToIarieEB form eoshion-liko patches consisting of a gelatinous 
^ - matrix, in wliicli the filaments are 

disposed radially; they occor on 
snbmerged stones and water-plants. 
2. The ConiaoiTS are distin- 
gnished by the process of conjnga- 
ot»fliftmontoiOKiiittri»("s«)). ° tionwhicU takes place between the 
whole of the protoplasmic contents 
of the cells in the process of reprodnctioa. Zoospores are not 
formed. They are subdivided into three families : 

a. The Zygnemaeece, consisting of long nnbranched filaments wbiob 
occur in large floating patches in many watera, particularly ponds 
and springs ; they are easily recognised by their bright green or 
yellowish colour as well as by the delicacy of their filaments. 
Their chlorophyll- cor pnscles have peouhar forms : in Spirogyra they 
are spiral bands (Pig. 40); in Zygnema, stars (Fig. 7f> A); in 
Mongeotia, plates. 

h. The Desmidiacete inclnde onicellnlar forms, which are often ex- 
tremely beautiful, as Closterinm (Fig. ?6 , a 
B), Cosmariam, Stanraetmm, Euastrom 
(Fig. 76 G). 

e. The Diaiomaeeix, in which the chloro- 
phyll-corpuscles aroofadark-yellow colour. 
The individnals are unicellular; the cell- 
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A Fragment of * fllorasnt of Zyfcni 

I BtAT'flhaped 4]bloiaph7Ll.oorpajio]i 

I or protopUsm In nli 

nucleus. B GlDglarlom, Bnutnun, two D 

chloropbjll-plales. 




Pie. 77.— Plnnularia, » DIa. 
torn (mag- and dlAg.){ alateral 
view, ahowiaK Uie moda oC 



oltbetrntttitei > Barface tibit. 

walls contain mnch silica, and exhibit extremely delicate and 
elegant thickenings. The wall (fmstnle) of each cell conaists of 
two halves which fit into each other like the two parts of a pill- 
box (Fig. 77 a). Division takes place lengthwise between the two 
halves, and the newly-formed wall of the danghter-cell is enclosed 
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witHo the rim of that of the mother-cell, bo that the two halves 
of the cell-wall are of different ages. In consequence of repeated 
division the individaals mnet grow emaller ; when this diniinatioii 
lias gone on to Et certain extent the formation of aaxoe^orea talcos 
place, that is of very large cells, either by means of growth alou') 
or aa the result of conjugation and subsequent growth. In Bome 
genera, e.g., Navicnla and Pinnnlaria (Fig. 77) the individnals are 
solitary and they are endowed with a peculiar creeping mode of 
locomotion. In others, as Melosira, they are arranged in long 
filaments. They occur frequently and in great nnmbers in all 
waters, fresh as well as salt, sometimes also in damp soil between 
Mosses. The eiliceonB fmstnles of Diatoms hare been preserved 
from the early geological epochs and exist in various parts of the 
world in great masses, under the name of infoBorial earth. 

8. The ZoospOBB* are reproduced by means of zoospores which, 
in the case of many forms at least, conjugate, and give rise to 
resting zygospores. 

Some families, such aa the H'jdrodietyem consist of naicellnlar 
forms which generally live together in colonies (Fig. 78 A). The 
whole colony is usually actively 
motile by means of the cilia of 
its individual members. Periods 
of rest sometimes alternate with 
periods of movement, and these 
resting forms were formerly re- 
garded ae being distinct plants; 
such are many Palmellacew and 
perhaps Pleurococats vuJgarig, 
which is constantly fonnd as a 
green growth on the tmnks of 
trees and in similar situations. 
Hnmatococons lives in puddles 

the resting-cells are of a pur- j^tu, colony («EQObiam): b, t 
plish-red colour and where they tomtd by tbe divinion of tha c«iia of a, in 

. J.1 ■ _i. procBM of coningHtioa. 

occur m masses they impart a 

red hne to the water or to tte snow (red snow). 

The Confervem w« filiform JUgte which are widely distributed in 
all waters, being especially abundant near their margins; the 
zoospores are formed in the individual cells, either in considerable 
numbers or one only in each. The filaments of Cladophora are 
much branched and are harsh to the touch. The filaments of 
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Ulotbrix are simple; in tbis plaat certain Wger zoospores re- 
produce it Tegotatirelj, whereas the sm&ller ones conjugate and 
reprodoce it sexually ; Chroolepns is orange-colonred, and grows 
on damp rocks, etc., in velrety patches. 

In the Ulvaee<e the poljhedric cells are nnit«d into flat ex- 
pansions ; in I7W LaeUtea, which is a common green sea- weed, the 
membrgnoas expanrion may be simple or more or less brancbed ; in 
Enteromorpba it forms the wall of a tube. 

4. The BoTBTDUCEX are represented in freab water by Botrydinm 
alone. This is a small nmceUolar plant, looking like a green 
^ spheroidal 




markable, 
perhaps, is 
the forma- 
tion within 
the vesicle 
of the so- 
called 
" spores," 
ch oJ 
which gives 
rise to a 
laigo nnm- 

^'B-TS.-FucuittietjivXenu.aboatbt.'ilDM. tix9. b AJr-blaadcn. /Fer- v^ ^ 

jngating zoospores. 

5. MEtANOPHTCEi. Thess are the browDSoa-weeds. Their chloro- 
phyll-corpnacles are of an olire-green colonr. They are nenally of 
a considerable size, and present great variety of form. The thallns 
consists BometimoB simply of rows of cells, nomotimes of maKses of 
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tissue ; it often attains gigantic dimensions, and appears to brancli 
dichotomonslj. The cell-walls are very mucilaginous. Some are 
provided with large cavities filled with air (Fig. 79 6), by means of 
which they are enabled to float. 

The reproductive organs are borne by certain branches of the 
thallus (Fig. 79). They are developed in peculiar depressions of 
the surface, the conceptacles. The antherozoids are formed in certain 
cells termed antheridia, and the oospheres in certain cells termed 
oogonia. The oospheres are extruded from the oogonia and are 
then fertilised by the antherozoids. The oospore at once developes 
into a new individual. 

The different species of Fucus and of Laminaria are typical 
representatives of this order. 

6. The Siphoned are unicellular, but the tubular cells are large 
and much branched. The different species of Vaucheria (Fig. 80) 




Fio. 80.— Tau'^Tiei'ia usiilis {x 90). Aip A newly-formed lOOspoTe. B A resting boo- 
spore. C The commencement, D and E more advanced stages of germiDation; tp 
zoospore ; « apex of the green filament ; w its colourless part answering to a root. 
F Tubular cell with sexual organs ; og oogonium; h antheridium shortly after fertilisation. 
(After Sachs.) 

are frequently found in springs, in wells, and on damp soil, in large 
dark-green patches. Zoospores are * developed in special cells 
formed by the cutting off, by means of septa, of some of the branch- 
ings of the main cell (Fi^. 80 A), Sexual reproduction is 
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effecled Ly anth.eridia and oogom&. Tlie antheridis are cells, 
usually carved into a hook-ebape, which are developed as lateral 
branches. Within them the aatheroaoids, which are snbseqnently 
diflcharged, are formed. The oogonia are spherical cells, developed 
cloae to the antheridia, 
in which the ooaphere 
ia formed by rejuven- 
escence (Pig. 80 F, og). 
After fertilisation tlie 
oosphere becomes snr- 
FOnnded by a proper 
membrane, and is then 
known as the oospore. 
Whether or not the very 
large forms found in the 
sea, e.g., Canlerpa, con- 
sisting of a single much- 
branched cell, really be- 
long to this order, is at 
present uncertain, for 
their reprodnction has 
not been folly investi- 
gated as yet. 

The order of the Si- 
phone«B appears to be 
more closely allied to 
the Saprolegniera (Fon- 
gi) than to the oUier 
Algte. 

?. The VoLVOcnraa, 
eiuaiBiunent with two n}goiu»(i>f)feniiiHdbTUie as represented by the 

avert male planw {mX developed from looiporei tonaei genaS VoivOZ, are 
in the cell m at Iha upper part of tho fltamant. B Oogo- , u- j ■ .v - " 

, BlttiDftttheioonuEtotrBrtlllBsdonioUiBOoBptereiiijthe OlOS^'y al"M ^ tbeiT 
oogonium ; ■ the antharoioid in the act of foroiug ite way straotnre tO the Zoo- 
ia: n dwarTmalepluit. CBipeooapora. D Pisoa of the ... ,. 

Branobof *Biil(KKAat(,wlthoneoagonlumBtlllcontBinlng colonies; the colony 
..pow.w.otherinlteMtofaUowtoBlttoe«»p«ilnlhe j^ ^^ ^^ f ( 

lower p«t an empty oogoninio. y The tour loOBporei ' "w^™ ""o ±uiiu ui 
torraed from an ooapore. & Zoogpore Iron ta ooapore ft hoUow Sphere. Fer- 
eomeloreri. (Alter Pringrtiolio.) tiliflation is, howBVer, 

not effected by the ccmjngation of zoospores; but the ooephere^ 
which is Btationary, is fertilised by antherozrada. 




Middle part 



9. TIte GiD0Q0HiE2 occnr in green patehes in springs and other 
waters. These patches are composed of cellalar filamente, of which 
the separate cells sometimes prodace zooBporeB, and aometimea 
become oogonia, the contents of each one being converted into an 
oosphere by rejaronescence (Fig. 81 B). The antherozoids, which 
resemble the zoospores bnt are smaller, are produced in some 
species by repeated division in the cells of the filaments (Fig. 81 D) ; 
but in other species the cells o£ the filament give rise to pecnliar 
zoospores which adhere to the oc^oninm and grow into dwarf malei 
consistii^ of bnt few cells (Fig. 81 A m), in which the anthero- 
zoids are formed. 

9. The CotEOCH«TE« form hemispherical or disk-shaped cnshions 
of a beautifnl green colonr on sabmeiged stones and water-plants. 




Fia. 91.— A Dppsr porUon at & branch ot SiUUa JUaOii (nW. dte) ; a the Uam ; i the 
1«aTu i Hlth >F th« fSmals, sad n the male argtia. B Put of a fertile leaf xx at Char* 
/roiiilii (x U) ; &VtheleaTes; ths tanuls organ oeDtaina the ontpbera E, The pecaliarly 
ttrieted lnTeeIii](f««ll* ot tbs oogODiiuii and la a liule coioua, It.- a the antheiidlnin. 
(4tter Bocba.) 

The female organ is anicellnlar, and presents a long tubular pro- 
jection open at the apex, the triekogi/ne. After fertilisation the 
oosphere in the basal dilated part of the oogonium becomes invested 
by a special membrane ; the oogonium becomes surrounded by out- 
growths from neighbouring cells, so that it is enclosed in a cellular 
integnment- On germination, the oospore divides, and from the 
cells thns formed there Mcape toospores, which subsequently givQ 
rise to new individuals. 
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10. Cearacem, These are the only green Algse wLicb, like the 
Vloridese, hare members that can be regarded as leav^es. In the 
genus Nitella (Fig. 82 A)^ inhabiting waters, which are not hard, 
each intemode of the stem consists of a single cylindrical cell (Fig. 
82 A s), the wall of which is lined by a compact layer of chloro- 
phyll-corpnscles. The so-called leayes (Fig. 82 A, h) form whorls 
at the nodes and each consists of a row, sometimes branched, of 
elongated cells all similar in form. In the other genus, Chara, of 
which ntimerons species occnr in many waters, and which are 
remarkable for their impleasant smell, the stem and leaves are 
covered with small cortical cells. In all the long cells a rapid 
rotation of the protoplasm is perceptible. The female organ is an 
egg-shaped body (Fig. 82 B); it possesses a covering of cells 
twisted spirally, which encloses the oogoniTim. The oosphere be- 
comes an oospore in consequence of fertilisation, and remains 
enclosed in the integument. The antheridia (Fig. 82 a) are visible 
as small red spheres; within them the spiral antherozoids are 

produced in rows of cells. 

11. The Flobide^, or red Algae, 
are of a beautiful red or violet 
colour, and live in the sea; only a 
few forms, such as Batrachospermum 
moniliforme, of a purplish-brown hue, 
are found in fresh water. Many re- 
presentatives of this class are dis- 
tinguished by their graceful branch- 
ing ; and in several genera, e.g., Poly- 
siphonia, it is of such a nature as 
almost to justify the designation of 
some of the branches as leaves. He- 
production is effected in a peculiar 
manner. The female organ, which is 
termed a carpotronium, is frequently 

Fi«. S8.-FrucWflcaUon of Nemallon. , . . „ , -w ^l-i- x- i i 

A The end of a branch with a male and multicellular. J ertllisation takes 

a female organ i the former prodncee place by means of antherozoids 
the antherozoidi* the latter oonaista of i • -i -i • -i- , . .-, 

the triohogyne f, to which the anthero- ^^^h, havmg no Cilia, are not motile 

foidi • adhere to effect fertilisation, and (Fig. 83 As), They attach them- 

ta.tT^'i.X'ZJS;,:""'^ ««!-« ^ » V^^^'^ c«ll of the 

female organ, the trichogyne (Fig. 

83 0» which is, however, not open, like that of ColeochsBte, but com- 
pletely closed; in consequence of fertilisation, a cyatocarp is formed 
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from the basal portion of the trichogyne, or more frequently from 
cells which snrronnd its base, or from others more remote from 
it. The cystocarps are either masses of carpospores (Fig. 83 o), 
or receptacles, within which carpospores are formed. The asexnally- 
produced spores (tetraspores) are also devoid of cilia, and are pas- 
sively floated about by the water. 

CallitJiamnion corymbosumt Ceramium ruhrum, Chondrus crispus (used in 
medicine as Carrageen Moss), Plocamium coccineum, Delesseria hypoglossum and 
Corallina rubens, are common representatiyes of this class in European seas. 



Class it.— FUNGI. 

This class, like the preceding, includes many very simple 
organisms, as well as others of tolerably high development. None 
of them contain chlorophyll, and their mode of life is correlated 
with this peculiarity. They must take up their nourishment, and 
more especially their Carbon, in the form of organic compounds. 
Some, termed Parasites^ such as Hust and Smut, absorb it from 
living organisms, plants or animals. Others, called Saprophytes, 
absorb it from the remains of dead organisms, or from organic 
compounds formed by living organisms : the bark of trees and the 
^ humus or leaf-soil of forests and meadows are examples of the former 
case, and they support numerous and often large Fungi ; the juice 
of fruits and saccharine solutions are examples of the latter case, 
and in these Moulds and Yeasts often make their appearance (see 

§ 33). 

In Fungi the cells are usually arranged in rows, so as to form 
long filaments called hyphce : these are loosely and irregularly 
interwoven (tela contexta), as in the common Mould; but some- 
times they are firmly connected into a mass of considerable size, of 
definite external form and internal structure, as in Mushrooms. A 
few Fxmgi only consist of small isolated cells, or of long branched 
tubular cells, like the Siphonesa among the AlgsB. The thallus 
developed from the sp>6re, when it is not unicellular, consists of 
hyphsB, and is called a mycelium. The organs of reproduction are 
usually developed upon some part of the mycelium, but, if circum- 
stances be unfavourable, the mycelium may continue to vegetate 
for a long time, attaining a most luxuriant growth, without bear- 
ing any reproductive organs. The ?vhite felt-like growth which 
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often clotlies the walls of damp cellars is a sterile mycelium of tliis 
kind. 

The reproductive cells of Fnngi are formed in two ways : in the 
one, the protoplasm of the mother-cell divides intp a nnmber of cells, 
that is, free-cell formation takes place within it (spores, ascospores) ; 
in the other, segments are cut ofE from the mother-cell by abstric- 
tion (stylospores), a process which differs from that of ordinary 
cell-divisions only in the marked constriction of the cell in the plane 
of division. The cells which undergo this abstriction are called 
hasidia, and they frequently bear a delicate projection, the sterigma^ 
at the end of which the spore is borne. In some Fungi the cells 
formed by the first of these two methods are naked masses of proto- 
plasm, and move actively in water ; they are called zoospores. The 
lowest Fungi are not reproduced sexually, and this is probably also 
true of some which are more highly organized. Sexual reproduc- 
tion is exhibited in the form of conjugation by the Zygomycetes, 
in which branches of the mycelium coalesce, and in the form of 
fertilisation, closely resembling conjugation, in other Phycomycetes 
as well as in many Ascomycetes. Other Ascomycetes (and perhaps 
the Uredinefle) have female organs which resemble the carpogonia 
of the Floridesa, and which are fertilised by small cells, the spermatiay 
which are passively conveyed from place to place. These cells are 
formed by abstriction in certain receptacles called spermogonia. In 
the following account of the various groups of Fungi, as in the case , 
of the AlgflB, the reproductive cells which are produced asexually 
are spoken of as spores or conidia (stylospores, zoospores, etc.), 
whereas those which are produced sexually are spoken of as zygo' 
spores f oospores, carpospores (ascospores, ceddiospores). 

The following remarks are explanatory of the arrangement of the Fnngi which 
is adopted here. In the Phycomycetes sexnal reproduction is effected by the 
conjogation of two hyphaB, or by a process which differs bnt little from this. 
The product is a resting-spore which, on germination, may give rise to an in* 
dividual bearing conidia, or simply to a sporangium. 

The Ascomycetes are probably nearly related to the Phycomycetes. In them 
the sexual process is of much the same kind ; but the product is not a single 
cell, but a number of cells (ascospores) contained in receptacles called asei. 
These asoi are more or less enclosed in the mycelial tissue, and these together 
form a fructification. The mycelium bears, in addition to the sexual organs, 
numerous organs which reproduce it vegetatively. 

The greatest difficulties are offered by those Fungi the reproductive cells of 
which are formed by abstriction. In the UredinesB the ascidium-fruit is probably 
the sexually-deyeloped fructificatioD, or it is at least analogous to such a fruoti- 
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fieation, whereas the other fructifications are probably produced asexually. 
No sexual organs have been discovered as yet in the Basidiomycetes, and their 
large fructifications may therefore be regarded as organs effecting asexual 
reproduction. 

As to the relationship between Fungi and AlgsB, the Schizomyoetes and the 
Fhycochi'omaceoe appear to be allied, and they are connected by intermediate 
forms. Besemblances also exist between the ChytridiacesB and the lowest Zoo- 
sporesa. It seems probable that the divergence of the two classes began at the 
first indication of sexual differentiation. In the lower Algaa the zoospores con- 
jugate, and the connection of the more complicate sexual processes of the higher 
AlgsB with this simplest form can be readily traced. In the lower Fungi, except- 
ing the ChytridiaceaB and the Myxomycetes, the cells which correspond to the 
mother-cells of the zoospores of the Algae are those which conjugate. 

The Entomophthoresd are perhaps intermediate forms between those Fungi in 
which the conidia are formed in the interior of mother-cells and those in which 
they are formed by abstriction; Their sporangia may be compared with those 
of the Peronosporeae on the one hand, and with the conidia of the Uredinea and 
Basidiomycetes on the other. 

The following is an attempt to classify the Fungi in accordance 
with the present state of our knowledge : 

I. Sexual reproduction unknown : multiplication by cell-division 
or by spores. 
Order 1. Schizomyoetes. 
Order 2. Saccharomycetes. 

II. The mycelium (if present) consists of a single tubular, much- 
branched cell : spores are formed in sporangia : sexual 
reproduction occurs in the form of conjugation, or of fer- 
tilisation, the product being (except in Myxomycetes) a 
resting spore (Phy corny cetes), 
(a.) Sexual reproduction hy conjugation^ 

Order 3. Zygomycetes. Mycelium, a tubular cell : spores 
non-motile (the sporangium is sometimes thrown 
off as a conidium). 
Order 4. Ghytridiaceao. Mycelium usually absent : zoo- 
spores. 
Order 5. Myxomycetes. No mycelium. The plasmodium, 
formed by the coalescence of the amoeboid masses 
of protoplasm set free from the spores, is motile, 
(b.) Sexual r^roduction hy fertilisation. 

Order 6. Saprolegnieao. Mycelium, a tubular cell : zoo- 
spores. 
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Order 7. PeronosporesB. MyceliTini, a tubular cell : zoo 
spores are formed in the sporangium which is 
thrown off as a conidium. 

Order 8. (?) EntomophthoresB. 

in. The mycelium consists of multicellular hyphsB. The presence 

of sexual organs has been ascertained in some members only, 
(a.) Scores formed in the asci of a fructification. 

Order 9. Ascomycetes. 
(b.) Spores formed by abstriction or by simple cell-division. 

Order 10. UstilaginesB. The spores are formed by division 
of the hyphflB. 

Order 11. UredinesB. The spores, which are usually of 
different kinds, are formed by abstriction or by 
cell-division at one point only of each basidium, 
partly in small fructifications (perhaps sexually 
produced) and partly on the mycelium. 

Order 12. Basidiomycetes. The spores, which are all of 
one kind, are formed by abstriction at different 
points on each basidium in asexual fructifications. 

1. The ScHizoMYCETES are very minute organisms, of which little 
more than the outline can be detected ; they are therefore very 

easily confused with altogether different ob- 

J)«s^ ^ti jects. The cells may be either isolated, and 

V < * ^ then spherical (Micrococcus, Fig. 84 a), or rod- 

*©^^ like (Bacterium, Fig. 84 6), or united into 

Fio. 84.-8chizomycete8 filaments which may be straight (Bacillus) or 

(X 600). o Micrococcus; spirally wouud (Spirillum, Fig. 84 c). They 

6 Bacterium ; e Spirillam. ■,■. ix* i -i ji* • • i i • -n m 

generally multiply by division, but m Bacillus 
spores are formed : certain cells of the filaments undergo divisions, 
and the cells thus formed are distinguished by their longer persist- 
ence, and their power of resisting injurious influences. Some 
torms produce colouring-matters in the course of their life (such 
as that causing the red colour of mouldy bread) ; others play a 
part in certain infectious diseases, such as Diphtheria, Cholera, 
Typhus, etc. 

2. Saccharomycetes. These Fungi occur in fermenting sub- 
stances. The mycelium consists of branched rows of oval cells, 
produced by successive budding: the cells separate very easily 
from each other. Spores are produced in the cells under cer- 
tain circumstances : they are four in number in each cell. These 
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Pnngi tavB the power of converting the angar contained in 
Bubatance npon which, they live into alcohol and carbonic acid. 

SacchaTomycet Cerevirite, the ordinary yeast [Fig. 
85), is oqI; known in the onltiTBted at&ta in wbiclt 
it ie ai«d in brewing, etc 8. ellipioideia occurs in 
nature on the anrface of [rnita, such ai grapes, and 
eaosee the termentstion of their juices after the; 

have been crnshed. S. Myeadtnaa belongs to thia r g as — Groirtna eelli of 
group: it exists on the Borfaoe of fermented floids Teast (Som)uii™i»mi CwnKidi] 
and causes their further decomposttioa. (x wo). 

3. ZTG0UTGETE9. Of these, the most common and the most im- 
portant are the species of the genns Mncor, such as Mucot Mucedo, 
racemesue, ttolonifer, which occnr aa mould on preserves, bread, etc. 
The mycelinm is mncfa branched, but consists only of a single cell 
(Fig. 86 m) : it grows in the substance and, when mature, throws 




np aerial branches. These become enlarged at their free ends 
and by the catting ofE of the enlargement by a curved partition, 
the sporangium is formed, within which nnmerons spores are 
formed (Fig. 86 <). On germination, each spore gives rise to a 
now mycelium, whioh, in itR turn, bears sporangia and spores. 
Under certain circnmstancea the mycelium bears zygospores (Fig. 
87 «). Two branches of the mycelium come into contact at their 
free ends, and a cell is cut ofE in each by the formation of a septum : 
the two cells coalesce (conjugate) to form a single cell, the zygo 
spore: its cell- wall becomes much thickened. After a long period 
of quiescence it germinates, and it nsaally produces a single hypha 
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bearing a sporangiam quite similar to those borue b^ the ordinary 
mycelium. 

i. The Ghttbidiacgs a,re among the lowest of the Phycomycetea. 
Some of them consist of a single spherical or oval cell, which itself 
becomea a aporanginm, ita protoplaam giving rise to a number of 
zooBporea. When one of these zoospores comes to rest, it assnmes 
the spherical form. Conjngation of both motile and atationary cells 
has been observed in members of this Order, the former in Poly- 




Wia.lB.—A Port of aptumadlam of Silvmiun bucoiiw ( k 500). B A cloHiI BpoISOKiDni 
of Anuria incamalit, O Tbe uune titer the rnptnrs of Its wb1I< ip) and eipuuiOD of ths 
CBpUUtinnie]) (x »)). (AtMr Suilil.) 

pht^ns and Zygochytrinm, the latter in Tetrachytrinm. These 
forma live in water either as saprophytes, or as parasites upon 
aqnatic plants. The genus Synchytrinm inolndea forma which are 
parasitic upon land-plan^ snch as Anemone and Taraxacnm : in 
these the single cell gives rise to several sporangia. 

5. Mtxomtceteb. In the mode of development of their spores 
these plants resemble the Zygomycetes, bnt in their etmctore they 
differ widely from all other Fungi. In the Tegetative condition 
they do not consist of cells or tissnes, bnt they aie simply masses 



GROUP I. — THALLOPHYTA. 



127 



o£ naked protoplfism, called plasmodia (Fig. 88-4), creeping from 
place to place on tlie substratum, which may be tan, earth, decayed 
leaves, etc. At the same time a rapid streaming may be observed 
in the protoplasm itself. When it is reproducing itself, the whole 
Plasmodium is converted into sporangia, which are spherical bodies 
resembling the fructifications of Truffles (Fig. SB B); in these the 
spores are formed. In some cases the whole of the contents of 
ihe sporangium are converted into spores; in others, a part of 
them go to form the capillitium (Fig. 88 cp), which is a network of 
filaments. On germination, the protoplasm of each spore is set 
free, and either creeps about in an amoeboid manner, or swims as 
a zoospore. These isolated masses of protoplasm unite in great 
numbers to form the large plasmodia. 

J^thalium septicum, the ** flowers of tan/' ocours'in the form of yellow Plas- 
modia, which may be several square inches in extent, on spent tan : it forms 
masses of sporangia which are yellow externally and dark brown Internally. 

Trichia rubiformU and Didymium serpula are smaller forms which are 
commonly fomid in forests. The sporangia of the former are brown oval 
bodies, from 2-3 mm. in length ; they occur m groups on leaves or among Moss. 

6. The Saprolegnie^ are aquatic Fungi. The branched unicellu- 
lar mycelium forms a dense growth upon the dead bodies of small 
animals or on parts of plants which are in water. Correlated with 
their mode of life is the fact that the reproductive cells formed 
in their sporangia are zoospores. Sexual re- 
production is efEected not by conjugation but 
by fertilisation. The organs are of two kinds : 
thert; are oogonia, which are spherical cells 
each containing several oospheres, and there 
are anthendia from which protuberances are 
developed which enter the oogonia and effect 
the fertilisation of the oospheres. The re- 
sulting oospores germinate after a period of 
quiescence and develope either zoospores or a 
mycelium bearing sporangia. 

7. The PERONOSPOREiB are parasitic upon y,^ 89.-Hypha of Phy. 
other plants. The unicellular mycelium per- lophthora in/Mtana bearing 
meates the intercellular spaces of their tissues sporangia projecting from a 

^ ^ stoma ifi) of the leaf of the 

and absorbs nourishment by means of special Potato ; e the sporangia 
organs from the neighbouring cells. Spor- ^^ ^**^)* 
angia are formed on certain branches which usually project through 
the stomata of the host (Fig. 89) : these are thrown off entire and 
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sre therefore usually spoken of as conidia. If thej fall into a drop 
of water zoospores are formed within them, which are set free: 
when these come to rest they attach themselves to the cuticle of 
their host» become invested by a delicate membrane, and then 
germinate. In some no formation of zoospores takes place, the 
sporanginm itself developing a mjcelinm. In the forms in which 
sexual reproduction is known, the antheridium applies itself to the 
oogonium, and the oosphere contained in the latter becomes fer- 
tilised and is converted into an oospore. The germination of the 
oospore takes place after a long period of quiescence; usually 
zoospores are formed within it. 

In the genus Peronospora, which Ib represented by many species (P. parantiea 
on Cspsella, P. nivea on Umbellifene, etc.), only one sporanginm is borne by 
each branch of the hjph& which protmdes through a stoma. In Phytophthora 
the sporangia are displaced laterally by branches which arise from the hyphje 
bearing the sporangia, at their points of origin. To this genns belongs P. 
infettatu, wnich produces the potato disease. The tissues of the host nnderg? 
decomposition in the infected parts and tarn black: the mycelimn of the 
Fungus extends from the circomference of these spots, and throws np hyphje 
bearing sporangia through the stomata (Fig. 89). The zoospores developed 
in the sporangia of the parasite find their way to healthy plants : they also 
penetrate through the soil to the tubers, and the mycehum which is developed 
from them extends into the young potato-plant which grows from the tuber. 
No sexual reproductive organs have been observed in this Fungus as yet. 
Phytophthora Fagi infects and destroys the seedlings of the Beech. In Gys- 
topus (C, eandidus on Capsella and other Crucifers, C. eubieus on Ck>mpositaB) 
hyphie bearing sporangia are formed in great numbers dose together under the 
epidermis, and cause its rupture : each hypha bears a number of sporangia. 

8. The Entomophthobks are parasitic upon Insects. Empusa 
MiMCOBf for instance, infests house-flies more especially in the 
autumn. The sporangia are fgrmed by abstriction from cells which 
protrude from the body of the fly. Within them spores are formed 
which are projected against the under-surface of the bodies of 
living flies, the only part at which penetration is possible. In 
other species resting-spores have been detected which are possibly 
of sexual' origin. 

9. The AsooMTCETES have a mycelium consisting of multicellular 
hyph89, on which a fructification is formed (ascertained with regard 
to some and hardly to be doubted with regard to the others) in con* 
sequence of fertilisation. The formation of the ^uscospores takes 
place within certain cells of the fructification called asei. Free 
oell-formation takes place within them, usually eight spores being 
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Ponuod. Each of these sonuands itself with a proper c^-waU 
(Pig. 39); sometimes they undergo diviBion. They are ttBnall] 
eztraded bom the asci. Fertilieatioii may take place in two ways, 
la the one, two contignons branches of the myoelinm become in- 
timately connected : of these one, which is nsnally the lai^r, is the 
female organ, it is freqaently spirally rolled, aad is demgnated aa 
the ateogoniwn (Fig. 90 B and a») ; the other smaller one, which 




Fie. IM Kimtiiiin rqwu. A ApDrUon at tba mjcalinm wiUi hfptut (Hi beuing oanldlBt 

tJis GOoidlA taavfl mlroadj Ulen olt from ^a MerlgnutA (it) i om, % yoiing kHooffaTilai& 
B AKogDDiuB (u) with ft pollinodlDin (p), C Anotlm. witb tiTptua glowing np nnmd It 
D A trncdOcAtion aeen on ihn tzUitior. X, f Seotlcini of nnripa frnctlflcMlaaa i « tha 
iDTntmeati / Bluntota kriilng from tha aioogoniiun. which mbogmntly bsu Uu smL 
lJAaucn>. H A. rlp« uooqure (magnlSed). (AttaSMht.) 

attaches itself to the ascogoninm, is the male oigui, &ap(Mvaodiwn 
(Fig. 90 B and Op). In the other way, the female branch of the 
mycelinm is spirally wonnd and ends in a projecting filament qnite 
similar to the trichogyne of the Floridese (see page 120), to which 
the spennatia become attached. The tpennatia are small ceU^ 
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incapable of spontaneous modoi^ formed hf abstrictum in qpecMl 
receptacles known as tlie tperwwgmaa (Fig. 99). This oocnn in 
the Lichens, Whilst the feialised asocgoninni derelc^ies and finally 
poduces the asci (which aze often anai^^ed in a special layer 
called the hifmenium, in which they aie mingled with sterile fila- 
meniSy the paraphysei)^ the snrnmnding hyphs grow to form an in- 
Testinent which wholly or partly encloses the product of fertiliBation, 
and with these constitntes the fructification* The fr uc tifi cation 
either remains closed or has a veiy narrow openings when it is said 
to be angioearpaiu, and is termed aperUhecium ; or it opens so as to 
expose the asci, when it is said to be gymnocarpaut, and is termed 
an apotheeium. 

The mycelinm also bears asexnal leprodnctiYe oeUs, which are 
tmned eantdia or , tiylotpores^ because they are formed sipgly or 
in rows by abstriction from certain branches of the Inycelium the 
$terigmata (Fig. 90 A^ ft). 'Maaaj of the commonest forms of mould 
are the conidia-bearing forms of Ascomycetes which bear sexual 
organs and fructification only under exceptional conditions. Be^ 
sides these, in many Ascomycetes stylospores are formed by absfario- 
iion in special receptacles known sspycnidia. 

The following classification of the Ascomycetes is only pro- 
yisional. A great number of them, characterized by a peculiar 
mode c^ existence, were formerly regarded as a distinct class, and 
known as lach^is ; these will be considered separately last of alL 
The Ascomycetes proper are commonly divided into four groups. 

(a) ErysiphecBf or Mildews. The fructification, which is a peri- 
thecium, has no hymenium : the asci are distributed apparently 
without order in eyery direction, and are often few in number ; the 
perithecium, the wall of which often has characteristic filamentous 
appendages, opens by irregular rupture, or in some cases not at 
all, so that the spores are only liberated by its decay. 

Species of this genus Erysiphe and allied genera live on the surface of many 
plants, as the leaves of the Bose, the Hop, and others, and form a delicate white 
film known as mildew. The hjphie of the mycelinm throw out minute processes 
as suckers. The fmctifications are visible to the naked eye as blackish specks. 
The conidia-bearing form of an Erysiphe of which the fmctification is as yet 
unknown, which has been provisionally named Oidium Tuckerij lives on the 
leaves and young fruit of the grape-vine, causing the well-known vine disease. 

To this division belongs a not uncommon mould, Eurotium Aspergillus (Fig. 
00) : in this form the oonidia are abstricted in rows on a spherical swelling of 
the fertile hypha which bears the sterigmata. The commonest mould is Pent- 
eillium giaiicunit but it is doubtful whether it hplqngB to this group. It beam : 
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tults of branched hyphss, on which the conidia are fofined in rows (Hg. 91). In 
this stage it occurs as a greenish grey film covering the substratum on which it 
grows, such as .moist damp substances and fluids of all kinds. Xhe fructifica- 
tion, only lately discovered, is as large as a pin's head and consists of a mass of 
pseudo-parenchymatous tissue which is 
traversed and absorbed. by the asdogenous 
hyphffi with the exception .of the most . 
external layer which remains as a wall. 



> . . L 





i (b) The, Tuber acecBf or Truffles^ 
have an nndergroniid, more or less 
spherical, completely closed perither 
cinm, in which the hymenia bearing 
the asci line the snrf ace of labyrinth- 
ine passages through the mass. The > 
sexual organs and any other organs 
of reproduction are not known. 

Tuber astiaum, brumaUf and other 

species are eatable, and are known as „ *,„.., ^ i. , « . m 

* «, x-, , , . V X Pio.M.— Fertile hypha of P«nw«Illum 

Truffles; Elaphomyces granulatus, about ^7^^^. « The rows of conidia jnv part of 

the size of a walnut, is not rare. a hypha of the myceliam ex 150). 

(c) Pyrenonvi^cetes.' The hjmenium lines the inner surface of 
flask-shapbd or spherical receptacles, the perithecia (Fig. 92 (7, cp), 
which open at the ax)ex. These perithecia occurs singly or in g^reat 
numbers on a peculiarly constructed body, the stroma. 

Among the simple forms with solitary perithecia must be mentioned the 
genera Sphsria and Sphasrella, many species of which appear, on dead leaves as 
black spots; Calosphsria, which forms its long slender perithecia in groups 
on the wood and bark of cherry-trees; F'leospora and Fumago, of which the 
mycelium an^ conidia constitute the black film known as Smut, which occurs 
on various parts of plants. 

In the compound forms, those, that is, which have a stroma, the stroma 
forms warty inci^istationfli or patches of irregular outline, which have a punc- 
tuated appearance owing to the numerous op^ungjs rof the perithecia; Diatrype 
(tisciformis, which lorms. black warts as large .'iis peas, belongs to this group, 
it is very common on dead (boughs ; • also NectHa cinnabarinaf which has a 
bright red stroma-, and 0<^pr8 on many kinds of -dead .wood; Neetrifi ditissima 
causes a disease on the branches of Beech-trees. In other cases the stroma 
developes into an upright club-shaped or branched tufted body, like the stromata 
of Xylaria, for instance, v^dh occur very frequently on ihe tnmks; of tre^ ; 
the conidia often appear us a mealy dust on the upper portion. Claviceps 
purpurea, known as Ergot, or officinally as Seedle comutumt also belongs here. 
The mycelium of this fungus covers, the young ovaries of the ^e or other 
cereals which it attacks, and bears conidia which are imbedded in a mucila(5i^ouB 
Kubstai^oe,. foxnling what is Jmown ASiHoncy-dcw. By means jof thes^, othei 
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pUnta taaj heeome infected. In ooniae ol tinie the fnngiiB perVades the «diole 
tiaaue of the 0VU7, ftud ftltei it ha* destroTed it, it fmnui a haid maaa of tisoue 
of abont 1-3 nentimetns in length and of a dark fiolet hoe, the (clCTiotiaR, 
vbicb it known m Bigot. Thia adsnitium, after it ha> fallen to the giDimd, 
gives liae in the following jeai to a few ■tromata, which leeemble little knobs 
bone OD ftaUu (Fig. 93 A) ; and the peritbema, which ue wj nnmerooB, am 
imbedded in the tiame at the sailace (Fig. 93 B, ep). The Moospoiea whi^ aie 
developed in Gieu find tb^ waj to yonng Bje [Janta, uid their mjc^om, 
penetrating throngb the leof-aheatha, extend* to the flower, where again the 
Honey^ew ia foimed. The nuion* «peetes ot Coi^oeps infect the lante ot 



(H) The J)Ueomyeete» differ &om the preceding <mlf in that the 




Fio. 9t.-CIaTlo«F<i»rfniru. A A Bclsrotimn (s) (k 1) b«uing icnniiiUB (dj. S BeeCIOD 
of a amma 1 if lbs psrltheda. A iwritbeoimn mora Uglily -^r-wt^ O An awns 
raptiir*d,the*lDDgalediporM(q>)aTaMOBplBs. (6Mha.) 

hymenitun corera the aarface of the discoid or cnp-ahaped froctili- 
catioa which is an apothecinm (Fig. 93 A). 

1. The thaeidiaeta grow upon various part* of plants, to which the small 
black fraoti&cation is cloiely attached. BkylUma Aeeriitiun appears in the 
(onn ot ronnd dark spots on the leaves of the Maple The mycdium is 
probably parasitic, but the devalopmant ot the frootifioation does not taXo 
plaoa until atter the leaves have fallen. The same is the oaia with Hyttrium 
ntrvittiuiiiM, whiohinhabitH the leaves of the 3ilvei Fii, with S. n 
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Fio. as.— LoBgitadiual ncUon ortbe fmctb 
fleuion oIPNuaamtMcslaj h the hjmcmnm. 
UHsrSuhi.) 



wUch Inlabibs those of tbe Spnioe, and with ff. Piiuutri, which inhntnts thoM 
of the Pine. The; caose the leaves to torn l>n>wn aocl to fall ofF. The iqiothedft 
are «omewhat elongnted, and cause the rapture of the epidermic 

2. The Paiiacut have fleshy or 
vaiy cDp-shaped apothecia. The; 
pvw apon different snbatrala, Asoo- 
bolna opiHi dang, some epedes of 
Peziza apon earth, othera npon parts 
of plants {P. Witlluymmi causes the 
so-called cancer of the sterna of the 
Laich), Btdgaria, with a gelstiDoac 
orUcnlar (cncdfloatian, npoa dead 
btunchea. 

3. The Selvellaeem hara nsnally 
clnb-ehaped apothecia, the smooth or 
reticniate snrfaee of which is covered hy the hTineniiun. To this group be- 
long the (ejenlent) species of the genns Moichella, the Uorell, Helvetia, ets. 

Tha Liehent were formerly regarded as a diatinct class bnt 
recent investigations hare shown tliat they are Ascomycetes be 
longing to the Pyrenomy 
cetes and Discomycetes : 
whicli are parasitic on 
Algee. These Algte ia« 
enclosed m the thallns of 
the Lichen, and were for 
merlytermed gonidta (Fig 
94 g) The gonidia are 
either aohtary spherical 
green cells belonging to 
the Palmellaceie (Alg»), 
or they are eellnlar fila- 
ments if they are of a 
red colonr they belong to 
the genns Chroolepns, if 
of a bluish green they be- 
long to the genus Nostoo 
or to some other genns 
of the Phycochromacen 

They may be either Fia » t— Transverm aect OB of the thsllua of S irfa 

in«gnlarly distnbnted J^J— f" »») • °°™- "' "■' ^P"*! '°^'".." 

iii.<pj^iut<^>j ~~ nndor gnrfiioe in nalwork of hyphm forming the 

thronghonfc the thtdlns, medaUu7lB.yeri (gonidia; r rooMlka oatgronllil 
when it i« said to be (*U1««) <" the nndw .nrfsce. (Aftar Sadh..) 

homoiomerouf ; or thoymay be arranged in de6nite layers in the 
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•rgM!if '^ jgcr^jficsimL %iamr sLcrsr?' nz 'sua 1 
fpcresare prnfacetizL aacL T^ie aoci fzL 
izL spx&ecxft ^EcL ^me DiaiumLj'sesai, : fzL Traegs 

Lkiiens). Ix ^eae. as fn. icner .Vynm-TqecaL si 
izi the TirfaTW ^er k» TKescacies. pncwalT' "sa se 3ss 

or Tosxe cglLs ef dEuirs -iKiIs zl 'zie '^^ra^Tg^ imi -aiaa. -jcmejeeds 
to the scrfkcer bej^scii w^5c3. ':^ "J'^i'^^a^ 
pttrt is tercLed tiEie aaci:e*3io:xz. 'ime ynfgnc ^an 5b ■t'imiI diir 
cfaoeme. It rpffpmNfg use ^TnaJi?^ irzasL i£ ':^ F^t~rTTiff» 
is xanItJcenTiIary azxi t^ sane ^ecxl 5b siade oae i£ is. ^ne 
The spenDAtfa are broue^ bj hibkib if w%s^ issa « 



tnchogTiief and th? ccnxiHecss csf oxe •7 seue* s(qe3bka ^siB anal 
The result of th^ fenzlfiaufac. 5b 'see 'iereiciHEieiixi i£ si 




the asci of which «re aXciie dsr^'rped frnxL ine aarcc'nxcxni. 
the rest of the ftpochecbxBi is Fij^hmh? ^ ^ apeesil ffjeriJiBpnDiiis 
other hyphs Ijin^ aroosii is. T^ za^issj^se: ^uzb 3Q pars 

^ ^niisETtjr if ^he f; 

*ai»se 

2<ciiaf5ft fatresced. hj 



^ 



^F^. y»> 



F:«. BK."^-a Smnrnffm of JTmum. hnh^K^ A X. 
ttnaidiomaasanUipilai^iiviaiciE. CAc^rsapcEf max 



AcccpiiB^T to tke 



/'#j FrktLarMH Uj^am, The thaHos grws er«ct in a 

I scrraciTire is the sazk^ in aJl f«rts: 



*fc^^* » nr> dkdorafTK of aa i^i^kt aai aa itcsier surface 
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To thia group belong the tbHoub Bpeciea of Uenen (Fig. 96 A), and allied 
Benera with a cylindrical Uiallua, which grow on trees. Rocertla tinntoria 
grtiws on rooks in regions bordering on the Maditerranean ; from it and otbei 
allied Lichens litmus is prepared. Kamalina and Evemia, with a ribboa-shaped 
flattened thallus, occur ou trees and wooden fences; Cetraria iilandica is the 
Iceland Mors, which forma a mucilaginoua fluid when boiled with water. 
Anapli/cbia ciliarii, which lesemblea the foliaceoua Lichens, with a flattened 
thalluB, ia common on the trunks of IrecB. Cladonla has a acalj decumbent 
thallus, from which erect branches spring bearing the apotheoia : Cladonia 




fiml/riata is comuian ; Cladonia ransi/triva, tha Bein-deer Mosa, < 
moors: Sphmrophorus has the same external appearance, but it is pyieno- 
carpous. 

(6) Foliaceous Lickem. Tlie thallna ia flattened and adterea tc 
the Bnbstratnm : the green (rai^Iy bluish-green) gonidia form a 
Hingle layer beneath the upper Hnrface (Fig. 94), The margin of 
the thallas is nsnall^ lobcd. 

Farmelia parittina oocura, with its bright yellow thttlloa, bearing apotheeia, on 
treetrunia and walls, together with other species of a grey colour. Sticta pul- 
monacea (Fig. 96 B), has a reticulated jellowisli thallus, and grows on tree- 
trunka. Feltigeia ia represented by several species which grow on mossy banks 
in woods ; tim apotbecia are borne on the margin of the lobes ol the thallus. 
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(e) Cruffaeeottt lAekent. The thalliu is ngttally indefinite in 
oatline, and can often be scarcely distinguished from the snb- 
utratom, the fructification alone being conspicuous. 




nitmmded bj ui outgrowth of the 
thalliu, snd m the Lecsnoren it is 
at firat entire]; enclosed by it. t^i., 
Leeiaora wuhfaica 



U (omninded b; a ridge, bat is never 
mclofed; to this group belong tba 
eommon BaeUiaparainua, ocenrring 
on tFe«-tnuiks, Rhiioearpon ftogra- 
pAinun, whieh lomiB bright jiellow 
inorattationB of often enonnoos ei. 
tent on nlicions rocks. The apo- 
thecia aie insular, wmetiineB linear 
in form (Fig. 97 A B) among the 
QiAphideffi, the gonidia ot wliich are 
the red cells ot Chroolepoa : GrapbU 
ictipla is common on the trunks o[ 
Beeches. The small Caliciefe, which 

1 B teoceB,ete., have stalked apothecia, 

B also the Bsomjcece (withont an; 

ridge) : BiBomyeet roieiu is common 

□n sandj soil. 

(b) Fyrenoearpi. The perithecia are imbedded in outgrowths ol the thallas, 

•Itbu ilngl; or sereral together, as (Fig. 07 C) in Pertasaria : tbej project from 

th« thallni, and are provided with a Bpecial black investment in the Termcarieae. 

Man; ■pedei of araataeeoni Lidbens inhabit the highest peaks of the Alps, on 

wbloh no other vegetation Is to be seen, and the; oontribnte materiaU; to the 

weathsring of the rooki. When the; grow on the ironkB of trseB, the; occnr 

more eipeoiall; npon those which have a smooth snrfaee : the formation ol 

bark hitsrterfls with thsli growth. 

(i) nomaiomtroai LieJiBm, The gonidia belong to the Phyco- 
ohromaooo : the thallns is asnally lobed, of a dark colonr, more or 
loss golatinoni, sometiinea fllamentons. 

Th« Utter Is the ou« la Ephehe, which oonwst? essentiall; of a fUomentoos 
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-Algit (SiTOBiphon) sonoDnded bj hTphn. Collema is geUtinonB {Fig. 98); it 
grows on moist earth snd on rooks. 

10. The UsTiLiaiNEX are parasitic in 
the tissues of the higher plants. Their 
spores are formed from the protoplasmic 
contents of cells of the hyphce, the walls ' 
of which become mncilaginons, and are 
nsaally of a Hack colour. These cells 
occur in great numbers in those parts of 
the host, usually the reproductive organs, ^la. »a— A gsiBtinoas Llcbeo, 
which are permeated by the mycelium., Collenm pu^miBm, Bligbtiy nwg- 
Several species infest onr Cereals, and " ^ • ' ' 

the seeds become filled with spares. The spores germinate at the 
same time as tha sound seeds, producing a promycelium which 
bears small cells, iporidia; when these germinate their mycelium 
penetrates the young plants and extends into the flowers, where 
a fresh formation of spores takes place. 

The most important and the moat common epecies are Uttilaga Carbo, vhidi 
eBpedoU; atUoka Oats, but other Cereals and Orasses aa veil: U. Maidii, 
which prodnces large tamoms in tha Maize, filled with spores ; VroeyitlM 
occalta, which fnicdfies in the leaves and haulms of tha Bje : TilUtia earitt, 
the amtit of Wheat; this is dangerous beoanse tha grains filled with spores 
remain olosed, and are therefore harvested with the sound oueB. Man; other 
speciea and genera infeet wild plants. 

11. The Ubeddte*, or Rutia, are also parasites : their mycelium 
inhabits the cells of varioua kinds of plants and uanally hoxn 
several kinds of reproductive cells. In most of them sma,ll frncti- 
flcatious, termed (eeidia, are borne by the mycelium, formed 
probably in consequence of the fertilisation of female otgans by 
dpermatia (Fig- 99 I. a and A). They project from the surface of 
the Lofested plant as small cups ; the interior is covered towards 
the base by a layer of basidia, on each of which there is a row of 
aseidio'poTee, generally of a red colour, which have been formed by 
abstriction; the investment of the fructification is formed by the 
peripheral rows of lecidiospores, which are sterile and which have 
become coherent. Besides these lecidia, and generally associated 
with them, are found the spermc^nia (Fig. 99 / tp) in which the 
spermatia are developed ; in addition to these — bnt generally at a 
different season of the year — two other forme of reproductive cells 
occur, which are abstricted from their baaidia singly and not in 
rows, and the basidia bearing them do not form a definite hymenial 
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Uyer, but irregular groaps, wUch break throngh the epidermis of 
the luwt. These cells, wlilch correspond to the conidia of otiier Fungi, 
are, firstlj', the uredetporeg, or " snmmer'Spores " (formerly regarded 
Bfl a distinct genus and called Uredo (Fig. 99 HI ur) ; they are 
always one-celled, nsnailj' of a red colour, and th^ germinate 
trithont any period of quiescence, by the protrasion of an ordinary 




ns. «».— FMsi<nla tranfnli. I Tmavene tcOon ot t. ta&f of Deibaili, Wttb 

p ttt* irall of Chs Bcldia ; u loner, o upper sor&oe ol Ihe lesfL nhlcb Iiks beooou 

Mhv In saauqnenos of Uis pmenca of Cba p*r«sit«; ontbeappsraiirlscei 

(iFk A A fonng Bddlam vhloh bM oot ;al barat. JX Lajer ot telsnUwporsa (1) on tb« 

IMf at iWKciim npdia i * <U apldarmla. IH Part ot ■ laj-er ot aredoaporu on tbs nma 

pUnt) ur (]]« nndoiponi j t > (eUiiKspore. (Atlcr Buh«.) 

mycelial hypha; fey means of these the parasite is conveyed to 
other individnals, on which in a few days it prodnces fresh iiredo- 
•pores. Secondly, there are the teUulospare^, or "winter-spores," 
which ore mostly black and often many-celled (Fig. d9 IIT* aadJi); 



GROUP I. — THALLOPHYTA. l^ 

tliej are formed in manj species only in the autumn, and persist 

during the winter, germinating subsequently in a peculiar manner. 

The hypha produced from the spore, the promycelmmj divides into 

four cells, from each of which a minute cell, called a sporidium, is 

abstricted, which finds its way to a host. These various forms of 

reproductive cells usually alternate ; thus the mycelium developed 

from the fldcidiospores produces uredospores, and the mycelium 

that proceeds from these (often after several uredospore-bearing 

generations have intervened) produces teleutospores ; from these 

sporidia are developed, which, when they germinate, give rise to a 

mycelium producing aecidia. In many species heteroecism takes 

place ; that is, that this variety of form of the reproductive cells is 

connected with a change of hosts. All species, however, have not 

so great a variety of spore-forms. Some UredineeB are known in 

which the aecidiospores produce aecidia, and others in which the 

teleutospores produce, a mycelium bearing teleutospores. In other 

cases there are grounds for assuming that their life-history is at 

present but imperfectly known. They fall into the following 

natural subdivisions : 

(a) Pucciniea, The teleatospores Ard one or more-celled on solitary free 
fitalks ; aecidia and uredospores are also commonly foond. To the genus Fuo- 
cinia, with a two-celled teleutospore, belongs Puccinia graminU (Fig. 99), the 
Bust of Wheat; the uredospores (formerly called Uredo linearis) form red 
streaks on the leaves and haulms of cereals and grasses ; in the autumn the 
teleutospores appear in similar streaks, but they are black ; these germinate in 
the following spring exclusively on the leaves of Berberis where the aecidia 
appear in red swollen patches (formerly known as JEeidium Berberidis) ; the 
aecidiospores are conveyed to Grasses, and there give rise to a mycelium with 
uredospores, the Bust. The same processes take place in P. straminiSf the 
aecidia of which are formed on Borages ; and P. eoronata, the aecidia of which 
are formed on Bbamnus. These three forms of Bust cannot grow on Grasses 
unless their aecidia have been previously produced in the spring ; hence their 
appearance depends on the presence of plants which are suitable for the develop- 
ment of the aecidia. Of P. Malvaeearum, only the teleutospores are known ; they 
are constantly reproduced from the mycelium which they form, so that no 
alternation occurs. P. Compositarum has all these different kinds of spores, and 
produces them on the same host. XJromyces differs from Puccinia only in having 
one-celled teleutospores ; U, BetcB is the Bust which grows on the Beetroot : — to 
this genus the aecidium may probably be referred which is formed in the leaves 
of Euphorbia Cyparissiat (probably to V, Pisi, the rust of the Fapilionaceae, or 
ysTJ, seutellatuM, that of the Euphorbiae), and causes a conspicuous enlargement 
of them. The aecidium-mycelium is perennial in the rhizome cf the Spurge. 
Phragmidium, with many-celled teleutospores, is common on the leaves of the 
Bose, Blackberry, and others. 
' (6) Oymnosporangiea, The teleuto^ores are two-celled, on stalks which aire 
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onited into a gelatinotis mass ; the myceliam which bears them is perennial in 
the branches of some ConifersB, particularly the species of Juniper ; telentospores 
are formed in the spring and germinate on the leaves of Pomaces, on which the 
large SBcidia, which open in a peculiar manner, are found in summer. Oymno' 
sporangium fuscum occurs on Juniperus Sabina, the sBcidia (known as Rastelia 
cancellata) on the leaves of Pears : G, clavariisforme on Juniperus communis^ 
the SBcidia {Roestelia lacerata and penicillata) on the leaves of Apples and Haw- 
thorns : O, conicum also on J, communis^ and the sBcidia {R. cornuta) on the 
Mountain Ash. 

(c) Melampsorea. The teleutosppres are many-celled, and are united together 
into a firm palisade-like layer ; the lecidia are for the most part unknown, but 
the uredospores of many forms have been found. Melampsora has black layers 
of teleutospores ; M, salieina, populini, Lini, attack the plants whose names 
they bear. Calyptospora Odppertiana occasions conspicuous swellings on the 
stems of Vaeeinium Vitis Idcea, Chrysomyxa Abietis, with gold-coloured 
teleutospores, appears at the end of April on the second yearns leaves of Spruces, 
and, as they germinate, they infect the young leaves. Coleosporium, likewise 
with gold-coloured teleutospores, grows on many herbaceous plants. Mcidium 
Pini forms a perennial mycelium in the leaves and bark of I4ne-trees, and bears 
in the spring its scidia, which have a white investment ; it belongs to Coleo^ 
tpoHum Seneeionis, a common species, which bears uredospores in the summer 
and teleutospores in the autumn on Seneeio sylvaticiu. The innoculation of 
Pines can only be effected by means of the teleutospores formed on Seneeio. 

{d) The Endophyllea bear only secidia which reproduce themselves without 
the intervention of any other form of spore. Endophyllum Sempervivi grows on 
the leaves of the House-leek. 

(e) Imperfeetly-knovon JEeidia, which do not directly reproduce themselves, and 
must therefore possess teleutospores: the relations of these are not as yet 
known. To these belong Mcidium elatinum, which inhabits the cortex of the 
Silver Fir, and causes large crab-like excrescences, as well as the monstrous 
growth of twigs, known as ** Witches-brooms,** on the leaves of which the 
sBcidia appear Me. Abietinum occurs on the leaves of the Spruce in mountain- 
ous distrid^. Mc, strobilinum, on the scales of Spruce-cones. Csoma is also 
regarded as an scidium ; the hymenial layer is not enclosed by any investment. 
C. pinitorquum grows on the branches of youbg Fines, often on one side only, 
so that they become bent. 

12. Basidiomtcetes. To this group belong most of the larger 
Fungi commonly known as Mnshrooms and Toadstools. The 
mycelinm consists of delicate white strands of hyphea, which, per- 
vade the snbstratnm upon which, it grows, and the part which is 
nsnally recognised as the Fungus is the fmctification, that is, the 
organ which produces the conidia. It was formerly thought that 
this fmctification was formed, as in the Ascomycetes, as the result 
of a process of fertilisation taking place in the mycelium ; but most 
careful investigation has failed to detect any trace of a sexual 
Drocess; the fructification is simply formed by the outgrowth , of 
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(Sertain parts 6t the myceliuin. In view o( tlio high organization 
of these Fongi, it may be reasonably assomod that sesnality has 
here gTadaally disappeared. 

The conidia are formed in or upon the fmctification on ba- 
aidia^ which together 
form the hymenmm 
the basidinm (Fig 100 
0) ttstiall}' bears at 
its smnmit four small 
slender stengmata, 
from each of 'which 
a conidiiua is ab- 
stncted 

(a) The Trem II 
1 eiB, or gelatinons 
Fungi, have bas d a 
resembling m form 
the promycel um of 
the Uredmem The 
fmct float on is soft 
and mnctlagmons ts 
surface is covered by 
the hymemum which 
at the time of the 
formation of the con 
idia, looks as though 
powdered with white 
dust 

TremeUa mete Urea 
with irtegnlarly furrowed 
fraetifiaatioc ; Exidia Ju- 
ritula Judie, a spongy Fio. lOO.—Aiaricut wnpartni. A TuigeaUat •Mtlon (J 
Fungns grOHing on the tbe pUeai, ahowing the lameU«, L II A almlUr motion ot 
Eldar with a browniah ■ l«nell« more lilghly msgniaed i kji the brmenloin 1 1 th« 

,.g ,. , . central UuoB cBllad the TruuB. C A poRiou or (he sama 

fmot.fioAt.on .omewhAt ,,^,^ ^^ ^^,y ^^,^3^ (.. MO) , , y«u>a ba^di. 
reBembling the Bhell of an and panphyHi j ■■ (he lint fomutian of oouidia on a bu[- 
ear, and otheri, are not dlamt ^more edvanoeil itageei at ■"the oooidia han 
ran on rotten wiK>d. faUen off. (Alter Baahs.) 




(b) Eymenonii/txlei. The structure' of the baaidia is similar to 
that above described; the fructification bears the hymeninm on its 
upper surface, which is very various in form ; the veiy Bomeroaa 
Forma are accordingly subdivided into : 
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1. ThtUphorra; the Bnttitce beiuiug the hymeninm is extended over tb* 
BubBtrBtmn ae a onut. ot else tonni the BtDootb nndei'- surface of a bat-Bhaped 
tniotifloatioD. The aunplest fonn is Bxobaaidium Vaeciaii, whioh is paraeitio 
on the leavea ol the Bed Whortleben;, and very oommoDi? covers them ^ith a 
whitish cmst. Corticituu forma cmatB on the bark of trees ; Bterenm has a 
hat-shaped fmotiBeation irhioh, irhen seen from aboie, beats Bome resemblance 
to yaiioDB Fpecies of Poljpoma, bnt it baa a smooth hymenial aarface ; it la 
common on tmntu of trees, paliogs, eta. 

2. Ctavariete. The hjmemnm clothes the Bmooth sm^ace of the fmctifica- 
tion, which is ^lindxical, or club-shaped, and often branched. The gentu 
Clavuia haamuiy Bpecies; C.fiava has a solpbur-jrellow, ooral-like fmctifiea^ 
tioQ which ia edible ^ig. 101 A). '■ 




Branch of CliHurui /an (cat. site). B F[uc(iacMionorH^iilim<iiiM«(iui| 
scales of the upper flort^a {k ziat. ^e). C LDngUadiDal section throngb the 
t a Folypoma ; p the tnl>ee clothed «itb the hfiueDiaai i Che tabes ehcw on 
the nsder Bortace u poraa (1 nat. st»). 

. 8. Eydiua. The hjmeninm covers prickly projections of the fructification, 
whioh is either a omst or is hat-sliaped, and is either attached laterally or 
stalked. Eydttam imMeatum is eatable : other afeiaea have a fleshy pilena 
with a eentnil stipe (Fig. 101 B). 

i. Pot;/parca. The hTmeninm clothes the inner anrlace of tabes, wbieb are 
either tree or, more often, connected into a layer whioh coTers a portion of the 
fmetification. The tmctiScation ol Polypoms and Trametes is generally 
attached laterally, and often of a horse-shoe shape (Pig. 101 C). P. fomentariut 
is used in the preparation of what is known in England a« German tinder; 
P. ngicinaJU is need in medicine as Fungui LaricU; the myceliom of Trametei 
Fini attacks tlle heart- wood of Fines and makes them decay; T. radiciperda 
bccnrs in the roots and lower part of the tronk of Spmces and Pines, causing 
their destruction. Ssdalea occurs on old oaks ; its tabes acastunioBe and form' 
a labyrinth. The mycdinm ol Slerulitu lacriniam penetrates the timbers of 
hoDsea nod causes them to decay pry Bot). Boletus has a fleshy stalked pilaus, 
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trpm vhleh the bymMiial layer may be eaiily separated. Botetai edvlU and 
irabtr are edible ; B. Satanai and others are poisoDonB. 

5. Agaricina. Tba hymeaiam Blothea speoial lameUitarm oatgrowlliB of tha 
fnictifi cation, which eommonly asanmes the form of a stalked oc teesile pUens. 
The Btalked fonnB ars tithei ooked from the first, or the; are eaolosed at an 
•arly atage in an inTestment irhich remains after the full development of tha 
fractification as an appendage of one form or another. An invealment vhich 
at first snrrounds the whole pilens and stipe, and, at matniity, snrronnd* tha 
baie of the atips ILks a 
sheath, as in Amanita, Is 
called a velum nnivenaU 
(Fig. 103 ABv): while a 
vebaa partiale only covers 
the under anifaee ol the 
pilenB where the lamellB are 
borne, and when this is 
folly developed it is repre- 
seated onl; bj fraffments 
hanging from the margin or 
formitig a ring rannd the 
stipe (Fig. 109'C o), e.g., 
Agaritui eatnpeiiTii and 
procervi : in the Fly-toad- 
atool, Amanita mtucanus, 
jhth kinds of Telam are 
preient together. Beaidei w) 
theae conspienons oharactera 




id:.—.! Early aums In tba d 
of Ajitieai loginaliui » 
ule i •( the itipe I h the [ 
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n Uia mjceliiUDj A the ring tonnedbrthaveliiii] 
the colour of the conidia is ParWala Hnat. alH). 
also of impoitanoe for dietingnishing the spaele* ; this is eauly discovered by 
laying the fractification on white or black papcs, whiob beeomea covered with 
the conidia which toll ont very readily. 

The great genus Agarions (the lamellated Ftinsi) lias latet? been snbdivided 
into several genera. In CopriniiB the fmatification very soon undergoes dis- 
integration, forming a black shiny fioid ; Laetarins contains milky jnioe (latei). 
In Cantharellna the lamelles are prolonged down. the stipe. Of edible specie* 
the following may be named; Cataharellut cibariut, Laetariui dtlieioiui, 
Agaritnu eanpeitrU, the Uaahroom, A. proetrvt, distinguished by a moveable 
ring, and A. Caiartut ; the polsonooB species are Laetariui torminoiui and' 
Agaricat or (Amanita muscariui. A. mtlltu* has a peonliai myccliam, matted, 
into strong shining black cords, formerly regarded as the genoi Bhizomoipha, 
which lives in the bark of trees and kills yoong Oonifera, partieolarlj Spmcea 
and Pines ; it gives off snbterranean branches which attack the roots. 

The tmotification of other species is of a hard leathery or woody oonslBtency; 
these Uve commonly on old wood; snch are Fanas, with a small pllena 
moanted on an eccentrio etipe ; Lenzites, where the pilani is lateral and sessile ; . 
Uarasmins, the elegant pilei of which ore olten seen on the leaves of Conifers 
which have latlen off. 

(e) Qastromycelet. In these, as the name suggests, tlie hymeniuni 
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is enclosed within tke fructification, the internal tissue of which 
forms numerous cavities or chambers, the dividing walls "being 
known as the trama; the hymenium clothes these cavities, being 
attached to the trama. When the fructification is ripe, great 
changes commonly take place in this internal tissue, which have as 
their object the dispersion of the conidia; the external wall (jperi- 
diuni) usually consists of two layers. This group is subdivided as 
follows, according to the modifications undergone by the internal 
tissue and the character of the peridium. 

(a) Th^ Hymenogdstrea, in which the chambers and hymenium are persistent ; 
these are truffle-like underground Fungi. 

(b) Lycoperdacea (Puff-balls) ; only a few strong threads of the internal trama 
reihain, forming the capillitiumf with the isolated conidia between them. In 
Ljrcoperdon the outer peridium scales off, the inner splits open at the top, and 
the conidia escape as a cloud of dust. In Geaster the outer peridium splits in 
a star-shaped manner and rolls back ; the inner opens by a hole at the summit. 

(c) The Nidulariea have a vase-shaped fructification within which the 
chambers become isolated, forming small hard bodies. Crucibulum and 
Cyathus are not rare on rotten wood. 

(d) The Phalloidea, The peridium consists of three layers, and after they 
are ruptured the whole internal tissue is elevated on a stalk and becomes an 
ill-smelling mucilaginous mass containing the conidia. Phallus imj^udicus 
poisonous and occurs ^tmong brushwood. 
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GROUP II. 

MUSGINE^. 



In this group we find a sharply defined alternation of generations 
which, in certain points, agrees with that of the following group ; 
a sexual generation — ^that is, one which produces sexual organs — 
alternates with an asexual generation, which produces only spores. 
The germinating spore gives rise to the sexual generation (the 
oophore), the Moss-plant, in some cases directly, but in most cases 
after the formation of a filamentous growth, the protonema. In the 
lower forms this generation is a thallus, but in the higher it consists 
of stem and leaves, and is capable of repeatedly developing sexual 
organs. From each oosphere an individual of the asexual generation 
(the sporophore) is developed, which continues to be superficially 
connected with the original Moss-plant, and assumes the form of a 
stalked capsule which is commonly known as the fruit of the Moss; 
this body forms spores, without any ramification or repetition, and 
its vital activity ceases with the ripening of the spores. 
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Since MoBses have a distinct stem and leaTes, bat no tme roots 
nor Tabular tissue, they ta3s:a the lowest rank among the Cormo- 

The male oi^ana, afl in ftll the higher ^„^ 

Oiyptogams, are called Antheridia, the 
female, Archegonia. 

The antheridia are spherical, ovate, or 
clnb-shaped bodies, with long or short 
stalks (Fig. 103) ; the external layer of 
cells forms tbe wall, while in each of the 
internal cells, which are small and very 
nnmerons, an antherozoid is developed. 
The wall mptnrea at its apex when it is 
moistened, and the mother-cells of the an- 
therozoids are set free ; they sabsequentlj 
discharge their contents. The anthero- 
Eoids (Fig. 103 c) are spirally-wonnd £la- 
mentfl thickened posteriorly; the anterior 
end is furnished with two delicate cilia 
by which they move in the water nsnally 
present in the capillary spaces between 
the leaves of Mosses, 

The arekegmia (Fig. 104) are flask- 
shaped bodies, dilated at the base and ter- 
minating npwards in a long neck. An ri 
axial row of cells is contained in each „^'^ 




. — Fimarlo tiyfimmt. 

Ji antharldlom bunt- 

BaChen>H>id«(xUa}. 

The antlierOBold* more 

archegoninm ; the lowest cell, which is the •trongiy masniflsd ; ( in tiie 
laivest, is the ooephere, and the remainder "o'^'*'''*"" i " '"• "ithoroioid 

° of ^lytriitfiam(x SOO). 

are canaUeelh : the latter are disintegrated 

; the f onr 



shortly before fertilisation, so as to form a slimy n 
uppermost cells of the neck, the stigmatic cells (m), separate, and 
the antheroKoids pass through the opening into the canal and 
reach the oosphere, which becomes surrounded by a membrane as 
a conseqnence of fertilisation. 

The sexual organs are often solitary, but are also frequently 
collected into groups which sometimes consist exclusively of arche- 
gonia or of antheridia, but som.etimBs of both. These groups, 
known sometimes as Moss-flowers, are occasionally Burronnded by 
special investments, the periehiEtivtn and the perigynium, consisting 
of modified leaves. The hair-like organs which occur at the inser- 
tion of the sexual organs in these so-called flowers are the para- 
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pkijteg. The Becood op Bporo- forming generation (eporophore), 
the ^MtrogoianTn, ia immediately developed from ibe fertilised 
oosphere. The base of the sporogomnm peaetnites more or leu 
into the tisBDe of the Moss-plant, and is even Donriahed by it, bnt 
the cells of the two gener»tiona lire not in organic connection 
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with each other. The wall of the archegoninm, within which the 
development of the oospore into the Bpor<^niiim proceeds, con 
tinnes to grow for some time, and snrronnds the yonng sporogoninm, 
when it is called the cah/pira (Fig. 105 e h). At a later stage it ia 
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ruptored in different waya according to the f.«nily to wluct the 
plant belongs, and the remaina oling to the baoe or to the apex of 
the spon^niam. 

The Bpon^nimn assumes, sooner or later, the form of a capsnle 
with a more or leas elongated stalk (seta). Certain layers of tissue 
witliin the capsule give riae to the spores, by diviaion of tiieir cells 
into fonr. In the tme Masses and in the Anthoceroteie, a central 
mB,ss of tiEsne is left which does not give rise to spores, and is 
called the colnmella. On the other hand, in many of the Liver- 
worts, some cells of the spore-forming tissne do not give rise to 
spores, but form the elaterg, which are cells usually having a spiral 
thickening on their inner surface. The spores (u-e in many cases 
sot free by the decay of the wall of the capsule, but in general the 




capsule splits open, either in segments from the apex to the base, 
or irregularly, a: the upper part of the capsule comes off like a lid 
(operculum) ; in most of the true Mosses there is an operculum 
which, from the firat, is differently constmoted to the rest of the 
capsule. 

The spores are spherical or tetrahedr^ ; their cell- wall consists 
—as also in the following groups— of two layers: an outer and 
tougher one, the exotpare, and au inner and more delicate one, the 
endoepore. On germination, the outer layer splits open, and the 
cell, surrounded by the endospor^ grows and divides, a process 
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which in most cases leads to the formation of the protonema, which 
is either a network composed of filaments of cells containing chloro^ 
phyll, or else a flat, green, cellnlar body. The rows of cells form- 
ing the protonema are lateral appendages, which are either limited 
(Fig, 106 B b) or unlimited (Fig. 106 B h) in their growth ; it is 
thus the simplest form of the Moss-plant, This is most conspicnons 
in the cases where it passes directly at its apes into a Moss-plant, 
More frequently this transition takes place by means of lateral bnda 
(Fig, 106 B K) which arise at the base of a limited lateral branch. 
^ The branching of Mosses is never axillary j the lateral shoots 
usually arise by the side of or below the leayes. 

Many of the Mosses have organs for vegetative propagation, 
commonly known as hulhils or gemmcBf and besides these special 
organs they are in the highest degree capable of vegetative multi- 
plication by simple branching and innovation ; indeed, the forms 
which are of most frequent and extensive occurrence, 6.^., EylocO" 
mium triquetrumf increase chiefly by thesQ method^ and rarely 
produce sporogonia. 

The group is naturally divided into two classes which are dis^ 
tinguished principally by the following characters : — ^ 

Class III, SepaticoB (^Liverworts')^ The capsules never open by 
the separation of a special operculum; they are either four- or 
two-valved, or they open irregularly by the rupture of the upper 
portioui or they do not open at all. In most of the orders elaters 
are found among the spores; ^ columella is present only in the 
AnthocerotesB ; the spores ripen whilst the capsule is still enclosed 
in the calyptra. The calyptra clings, after its rupture, to the base 
of the capsule : the plant of the first generation is a thallus, or a 
stem furnished with leaves, the leaves being formed of only a single 
layer of cells; the stem is always bilateral; the root-hairs are 
unicellular. 

Class IV, Mfisd (True Mosses) . The capsule usually opens* by a, 
distinct operculum; elaters are never present, but the columella 
always, at least in the early stages. The calyptra is usually 
ruptured by the capsule long before the spores are ripe, and is 
elevated upon it. The plant of the first generation is a stem 
furnished with leaves which not unfriequently have a midrib of 
several layers of cells ; the stem is not usuaUy bilateral ; the root- 
hairs are multicellular. 
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Class III.— HEPATIC^ (LIVERWORTS). 

27^6 capsule ustutUy spUts into four valves; elaters witJi spiral 
thicJcening are almost always present^ hut there is visually no columella; 
the calyptra remains attached ai the hose of the capsule* 

TKe plant of the first generation, in some of the forms belonging 
to this class, is actnally a leafless thallns ; in others it is a thalloid 
stem, famished with small scale-like leaves ; others again have a 
stem bearing green leaves. The first two are said to hefrondose, 
the last foliose. The frondose species cling closely to the surface 
on which they grow, and are consequently bilateral, the two sides 
or surfaces differing considerably ; the cells of the upper surface 
contain much chlorophyll and are generally protected by a distinct 
epidermis, those of the under surface contain but little chlorophyll 
and alone give rise to root-hairs« The foliose forms also frequently 
creep over the substratum and exhibit various forms and arrange- 
ments of their leaves corresponding to their mode of life. In 
correlation with the bilateral structure which obtains throughout 
the whole class, the leaves are of two kinds ; inferior leaves^ which 
are inserted upon the side of the stem which is in contact with the 
substratum, and which are imperfectly developed ; these are the 
only leaves borne by the frondose Liverworts which have any : in 
addition to these leaves (called in the foliose forms amphigastria) 
the foliose Liverworts have two rows of lateral leaves, which are 
inserted upon each side of the upper surf ace of the stem. 

This class includes four orders. 

Order 1. Ricciea. 

The archegonia and antheridia stand isolated on the upper side 
of the thalloid stom. The capsule is spherical, usually sessile; it 
contains no elaters, and does not rupture. 

Riceia Jitdtana has a beautiful dichotomouBly-brauehed stem, and JR, natam 
a broad lobed stem; they occur oocasionallj in water; i2. glauca and other 
species occur on fields. 

Order 2. Anthocebotejb. 

The thallus, which contains much chlorophyll and is irregularly 
branched, creeps on the ground. The archegonia are imbedded in 
the upper surface. The capsule is long and thin, like a pod ; it 
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splite open from above into two long Talves ; it containa a colnmella 
and elaters which have no spiral buids. 

Anlhoetroi lavii (Fig- 107) and punetalui are fotmd 
on loamj and Bandy Selda and woodland clearing; 
they are not oommoo, bnt whace they oocoi they grow 
in coQAiderable quantity. 

Order 3. MAECHAUTiEa:. 

Fib. ior.-JfiONKm» i«i> Th« Mchogonja and antheridia are nanaUy 
faaciiuX £ The capsni™, collected respectively into groups on special 
mme M jM unopened. ^jpriglit^ umbrella OT liat-sbaped bruiches, 

the receptacleg (Fig. 108 A An), of the thallmd stem! the stem 
bears on its npper surface nnmerons large slomata, and on its lower 
mrface two rows of scaly inferior leaves and a number of root- 
h&irs. The capsule contains elaters and opens irregularly, or by 
four valves, or by the removal of its upper part. 
A 





tWm <rf Uurthanlia ]i«Iyiiui]>ha <E), witli thg nprigbt male re. 
ceptacle (bearing antheridia). B Portion of a Mem wiLh a receptacle containing ^Qume; 
I ■ apioM of tba (wo bnnebaa. ~ (AIMt Baohe.) 

Iforchintia polymorpfui, whicb is very oommon on paths, on walls, and in 
peat-cuttings, has a thick, creeping, dicholomoaaly-braucbed stem. The 
antberidia are bome on th« upper Bido of ambreUa- shaped branches (Fig. 108 
.1 ftu), and the archegooia on the under ude of similar radiated reeeptaolea. 
Besides these the stem prodnees from its apper sniface oup-sbaped vessels 
oontaining gemm» (Fig. 108 £]. Ftgattlla coniea a similarly provided with a 
conical receptacle ; in BtbouUa htmitphariea it is semi-globular ; these plants 
ooeur on tooks and damp walls, particnlarly in mountainous neighbooxhoodi. 

Order 4. Jcvoerkahhiex. 
The capsule splits into four valves &om the apex downward^ 
"li^iaters are present. 
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(a) AnaeTogywB. The archegonia are not borne at the apex of 
the thallna or gtem, but on its upper surface ; they are enrroimded 
by an involucre formed by the stem or tballus : they are usually 



Mettgaia furcata baa > narrow cliahotomon8l;-bTaDched tbEillus coDBialiDg of 
a siDgls lajer of cells, whioli is traverBed b; a midrib oonBieting of many layers ; 
it groKB very eomioonly on treg-trnnks, but it rarely fnictiAea. Pellia tpiphytla 
has a broad thalloB, conaiatiog ol Mvertil layeni of oells ; it is not oacommoa 
by Bpringa, on damp rocks, eto. Jnmra pingnit and otber species occur in 
aimilar localitiee. Blaiia piuilla has a tbolloid Btem ; it grows on damp fields 
and bj ditohea, 

(6) AerogifvtB. The archegonia are aitnated at the apex of the 
stem or of certain branches of it, and are sarronuded by a perianth, 
that is, by leaves or part of leaves vrhicb 
form an investment. The stem does not 
nsnally bear inferior leaves, bat always two 
rows of lateral leaves ; these leaves are 
either bidentate at the apex, or bipartite, 
and sometimes (Fmllania, Badnla) are com- 
pletely divided into two lobes. The inser- 
tion of the lateral leaves is at first trans- 
verBe to the long axis of the etem, bnt it 
becomes modified by the nneqnal growth 
of the stem, so that the leaves come to be 
sitnated either on the lower (folia sVecubd) 
(Fig. 109), or on the apper (folia inouba) 
snrfacB of the stem. 

Jangtrmamita bUtupidata and many otber speciea 
are common on damp soil and on tbe tnmka of trees. . e 
PiosiouMtaaiplCTiMMdw (Fig, 109) is not uncommon ™p«u!ej b ona tliat hu 
in moontain woods. Baduta eamplanala bae t small "V'^'P" ^o b. 
stem, densely covered witb leaves, wbicb creeps over tree-tmnlks and bonghs ; it 
is very common. Fntllania dilatata and Tamariiei, with small and elcgantly- 
branobed stems of a brownish or poiple coloor, also grow on trunks of trees, or 
on the earth, in damp, shady places. 




Class TV.— MUSCI (TRUE MOSSES). 

The eapiule uiuall^ opens hy the removal of a dUHnet t^ereidut. 
Etata^ are never preeent, the columelia always. Tlie cali/ptra 
ur tally carried up by fke cajuule. 
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The MoBB-plant always consists of a stem faniislied with leaves, 
whicli are all of the same Idiid ; its branches creep on the eaHh or' 
else OQ trees, or they form dense plots. Bilatei-al stmctnre does 
not very often occur, 

The Class may be divided Into four Orders : 

Order 1. Spbaonacex (Bog-Mosses). 
The spherical capsule contains a hemispherical colamella, and 

opens by the removal of the upper portion of its wall ; the calyptra 

remains attached to the base. 

The only genns Sphagnum (Tig. 110) inclndes a nnmber of 

species, which all live in damp woods, and more particnlarly on 
moors, forming estensive soft plots. The 
branches, which are densely covered with 
leaves, envelope the main stem : the leaveB, as 
well as the cortex of the stem, contain large 
cells filled with water, the walls of which arc 
perforated; by capillary attraction water is 
conveyed throi^h these open cells to the top- 
most point of the plant. The lower portions of 
the quickly growing stems die ofE and form 
peat. The shortly-stalked capsnie (Fig. 110 
K) is raised by the elongation of the stem 
which bears the archegoninm ; this much re- 
sembles the stalk of the capsnie (seta) in the 
tme Mosses, but it is not of the same nature ; 
I it is called the pseudt^odium. 




sphagnum 






Order 2. Andrexacgx. 



The colamella is columnar in form, free at the top. The capsnia 
splits iuto foar valves, which remain connected at the base and 
apex. The calyptra is raised up as a cap upon the capsule. 

The genas Andiess (111 b] lives on rocks among 
the Alps and other high monntuns. The elongated 
and branched stems are closely covered vith leaves. 



I'M 



Order 3. Fhascacbx. 



,IZ("lhh\b^m77^T'Z ^* capsule does not open at all ; the 
■inaicwith (K)cBp«uifl(nai. columella, in this order and in the foUow- 
'^'- ing, is connected with the wall of the cap- 
sule above and below. The spores in Archidium are formed from 
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one of the cells of the columella: the calyptm remans at tho 
base of the sport^oninin. 

Phaieittn etupi4aUi>n, Ephetaerum urratum (?ig. Ill a), and iTehidiam 
pfuueoid^t ore minate Wo%aee ft few milUmetreB in beif^t, growing in fielda and 
ripening Uieir oapanles in the ipring. 

Order 4. Bktinx. 
The columella is connected with the capsnle Ijotk at the top and 
at the bottom ; it is immediately anrroanded by the spore-forming 
tiasae (Fig. 112 a); between this uid the wall of the capsnle there 
is a large cavity filled with air (Fig. 112 k) traversed fey filaments 
of cells containing chlorophyll. The capsnle opens by the throwing 
oS of an opercnlnm, which is from the first constructed differently 
to the rest of the capsnle. Certain layers of cells of the internal 
tissne of this opercnlnm remain in connection with the walls of the 





iQ. lia.—MoDth ol the tbeot 
dr peilACoine ; ip Innsr peri- 



A A young Imtj plant (t). with tb« ealfptn (c). B A 
ptant (() iriUi llie neiulr ripe iporogonJom i ■ iu leUi / tbs capralei c the caljpti*. 
C LangitndlnBl looUon ot ths Mpmle blseoUag tc *yiaio«Cricallf i d aperanlnm ; a umnliu i 
pperiBtomej so'coliuiMtlai h air-caTll; ; • the primary mother-oelli o[ tba apom. 

eapanle and constitute the perUtome, which has a charactenstio 
form in each different genns. In Tetraphia it consists of fonr hard 
teeth, for which the whole of the internal tisane of the opercnlnm 
IS utilised j in most genera there are 8, 16, 32, or oven 64 teeth, 
formed by the thickened cell-walls, which are frequently arranged 
in two rows, one within the other (Fig. 113), and which originate 
from tvro different layers of cells. Tn only a few genera, e.y.. 
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Gynmastomoni, are they wholly wanting. The caljptra is elevsted 
hj the growth of the capsnle and covers its apex like a cap; the 
capsule ie generally eloi^ted. 

The leaves, which consist of a single layer of cells, are traversed 
by a many-layered midrib in many species. 

Some of the genera bear the female flowers and, conseqaently, at 
a later stage Ote capsnles also, on the apex of the main stems ; 
others bear them on short lateral tranches ; although this difference 
of pceitioa cannot be regarded as an important systematic distinc- 
tion, it may serve as an indication <£ aUied forms. Thns the Biyiiue 
may be divided into ; 

(a) Aeroearpi, bearing the uchegooia at the apex of the atom; 
the capsules, however, often appear as if 
they had been borne npon lateral shoots, 
for lateral shoots develope later and dis- 
place the main stem to one side. 

Dicranum ieaparium,-nQl dckle-ah&ped leavei, 
Sa oomcQon in voodi. Leitcotnyvwt gtaveum has 
lesvei oonsiBting ot Mverol lajen of oelli, whieb 
resemble those of Sphagnum in tbeii Btmoture; it 
oacazB in Pins-wo6il8 and on moon, Cemtodon 
par^pureui, mth a red Mta sod a dioit stain, 
Ib vety common in Torions localities. Barbtila 
tmtralii grove in pstohes on walli and locke ; 
the midrib ot the leares is pioliMigad into a 
hnn, eo that the patohas of Mosi look greyish. 
Tetraphit peHueida baa bright green leaves ; it 
grows on decayed tree-tronka, and bears gemins 
of peonliar form. Grtnmia pnlvinata oMOia in 
Tonnd greyisfa-green patches ; the cspGoles have 
Tery ahort sets. Orthotriehuia ipeciotum and 
other speeies have aUo sbotUy-atalked oapaoles, 
and are common on trees. Funaria hygrometriea 
(Fig. IIS) bag an obliqae, pear-shaped capsule; the 
long sets have the peouliari^ ot contracting into 
a spiral on being wetted and dried; it ia common 
on walls and paths. Polgtriehmn fotmotum (Fig. 
114) and other species are the largest of our 
iriOiM faraoiiuB fiut. alas). * indigenous acrocarpous Mosses ; they have large 
Um eapaalej • Ihe wlai « ca- dark green leaves and long hairy calyptne, and are 
IjptiB. common in woods and on hestha. 



(b) Pleuroearpi. The archegonia, and anbseqnently the capsnles, 
ftre borne on special lateral branches. 
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FoMindlU anttpgretica flosts in water. Neakera criijia, with flat ontspreadiiig 
Ubtbs, growB on rooks. Thuidium abietinam and other speeiea grow in woods 
the? bsTs TegnlaT, pinnatelj branched stems, and ver; email, olosely-set leavea. 
Leucodon tciaroidti is nry common on tree-tmnks. BTachythecium rutabulum 
is eommon in woods. Eurhynchium pralongtim, with long creeping e 
oocnrs in woods and damp gardens. BypmiJa eupretiiforme is vsr; oomm 
trea-tTDnks, and H. ciiipidilvm and gigantium in bogs and ditobes, Hylo- 
eamiam Mquetmrn is vei; oommoulj Used for garlands ; this and H. tpUndevi 
with Temuikably regular lomifloation, are both common in wooda. 



GROUP m. 

TBB VABCULAJl OBYPTOaAMS. 

In tluB gronp also an altematioa of & sexual with an asexual 
generation occurs; bnt the relatioos between the two are exactly 
the reverse of thoee existing among the Moeses. In this gronp 
the plant which springs from the spore and produces the sexnal 
organs (the oophore) is small and short-lived, nsuallf perishing after 




fertiliBation has ta&en place ; it is called the protkaUium. The 
plant which grows from the fertilised oosphere (the sporophore) is 
famished with a distinct stem and leares, and it has closed fibro- 
vasenlar bandies and true nx>te ; it commonly persists for several 
years and prodnces spores in regnlat succession, besides possessing 
various means of vegetative multiplicatioD. These morphological 
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and ui&fonucal diaracteristics bring this group of plants into the 
prorince of ihe Vateular PlanU. Same at the orders wliich occnpj 
the higfaeat place among the Ciyptogama exhibit in certtun featnrea 
» resemblance to the Gpnnoepenns among the Phaoeragams; 
there ia tbna a gradnal transition from ibe CiTptogama to the 



The ProthaJUam (Kg- 115) ia^ in moat of the orders, a thaDna 
which growa from a apore which it greatly exceeda in size, prodno- 
ing, beaidea root-halra, antheridia and archegoma on certain ports 
(Fig. 115 an and ar). 

The antheridia (Fig. 116) either project from the anr&ce as 
maaae* of tiasiu^ which are hemispherical or somewhat cylindrical 




Tio. 117. 
TUiU HiTvIiibi, much ma^iflml, 
Diaabiiilo. (Alter" 



Fid. 118.— Onrmlnatlng macioipoi'O of Stlafiiulla Mnrliiufl. Tha portion of the tli 
wbleh Ilo) abare (be dark oniUns (d) li tbe proUullinm; a la an nuferti'liBed snjhfgDunm) 
• «* (mbryoa in tiro Umt tiaT« been brUllEeil. Tlie cavity of the (pore ii eilod wiUi mdo- 
■p«no. (After Subi.) 

in form, or they are Bimk in the tisene of the prothallinm. They 
consist of a wall, composed of a single layer of cells, and of the 
mother-cella of the antherozoids : the antherozoid ia a spirally 
woimd filament bearing a tinmber of cilia at its anterior end (Fig. 
116 0- 
The arehegonia (Fig. 11?) are in general constmcted like those 
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of the Mosses; that is to say, they consist of a yentral portion, 
which is imbedded in the snrronnding tissue and is coherent with 
it, and of a short neck throngh which two canal-cells, which snbse- 
qnently undergo disintegration, extend to the oosphere. 

However, the prothallia of some orders, snch as the BhizocarpesB, 
SelaginellesB, and IsoetesB, differ widely from this in their stmctnre. 
These plants, namely, produce two kinds of spores, large spores 
called macrosporeSf and much smaller ones, microsporeSj and they 
are termed heterosporous on this account, in contrast to the 
isosporous orders in which the spores are all of one kind. 

The macrospore produces a female prothallium (Fig, 118) which 
is developed in the spore itself, and only a small portion of it is 
exposed at the apex. On this exposed portion it bears one, or a 
small number of archegonia (Fig. 118 a). 

The microspore produces a merely rudimentary male prothallium, 
for the antherozoids are developed from it directly, or at any rate 
after it has undergone only a few divisions, 

The embryo developed from the fertilised oosphere grows directly 
into a plant which subsequently produces spores. 

The spores are formed in not very large numbers in the sporangia 
by the division into four of the internal cells ; and when two kinds 
of spores are present they are produced in distinct sporangia — macro- 
and microsporangia. The sporangia are small in proportion to the 
whole plant, and are developed either from single cells of the epider- 
mis of the leaf, or from groups of cells, the external cells of each 
group forming the wall of the sporangium, the internal, the mother- 
cells of the spores. It is almost always evident that the sporangia 
are produced from the leaves ; it is only in a few instances that they 
originate in the axils of the leaves and appear to be formed from the 
stem. 
The group of Vascular Cryptogams is divided as follows : 
Class V. FilidncB. The leaves are well developed in proportion 
to the stem, and bear the sporangia (which usually 
originate from a single cell) almost always collected 
into sort on their margins or on their inferior surfaces ; 
the fertile leaves are not confined to any particular 
region or branch of the stem, 
(a) Isosporous. 

Order 1. FUices^ 
(h) Heterosporous. 

Order 2. BhixocarpecB. 
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. Glass VI. EquiwtiiuB. Tlie leaves are Bmall in proportion to the 
Btem ; the^ are arranged in whorls, and tlioee of the 
barren whorlsgrowtogetherintoasheath. Thefertils 
leaves are uranged in ntunerons cloeely-Het whorls 
forming a B|ake at the apex of the stem ; thej are 
peltate^ and bear the sporangia on their nnder sur- 
faces. The sporaofpa originate from groups of cells. 
They are isoeporoiis. 
Class Vn. J/geopodifUB. The leaves are for the most part small 
and feebly developed ; the fertile leaves are frequently 
collected on a dislanct portion of the stem. The 
sporangia which are developed from groups o£ cell^ 
are almost always solitary in the axils of the leaves 
or close to the base of the leaves on its apper side. 
(a) Isosporons. 

Order 1. Lyeopodiea. 
(V) HeteroBporona. 

Order 2. BelagindlecB. The stem, which grows 
greatly in length, bears nnmerons small 
leaves ; the sporangia are situated in the axils 
of the leaves, occasionatly they are attached 
to some extent to the stem. 
Order 3. LoStete. The stem, which ia short, 
bears long nnbranched leaves ; the sporangia 
are dtoated on the upper side of the leaf. 



CLisa v.— FILICIN^. 

TJte sporangia are usually collected into sort on the edget or under 
turfaeee of the leaves. Tke fertile leaves are not confined to a special 
region of the stem. 

Order I. Filices (Febnb). 

Tke spores are (lU alike, and produce a large and itidepeadenl 
prothtdlinm. 

The prothallium is almost always developed on the surface of tiie 
soil, and contains chlorophyll (Figs. 115 uid 119). It takes origin 
from Hm spore in the form of a cellular filament which, at a later 
stage, generally becomes a broad surface divided anteriorly so ss to 
bo heart-shaped; it consists of a sinjle layer of cells, excepting eb 
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that part wMch bears the archegonia. This rE^on is sitoated at 
the fore part of the heart-shaped prothalliitm, behind the indentation 
(Fig. 115 or). The antberidia are prodnoed partly at the edge, 
and partly posteriorly among the root-hairs 
(Fig. 115 an), and project as hemispherical 
masses of tissne. 

The stem is for the most part a strong 
underground horizontal or obliqne rhizome ; 
tree-feme with taU npright trtmks occnf 
only in tte tropics. The intemodes arc 
sometimes elongated, so that the snrface 
of the stem is visible between the leaves 
which are some dietance apart, e.g., Pterit 
aquilina (the common Bracken) and Phe- 
gopterii cdloarea; but they may be also 
very short, so that the leaves form a close 

crown at the apex of the stem, while the ''"'■ "■-''<'«■"'>- ""p*'"- 
older portion is closely crowded with the seen from below with ronng 
remains of the leaves that have died off. ''™ »tt«iiea to it; i iia flmt 

mi r .< f . 1 ■ n II I 1 leati vtvT Its flnC and woond 

J, he stems of the first kind nsnally branch „„(,. j, jooi-bain of cba pro- 
very ^ely, the branches arising in the axils thBllinm (dibaDl x V). (After 
of the leaves, as in PhegopUrit caZcarea, or "'' 
doreally to them, as in Plerii aquilma .* the more leafy stems, on the 
contrary, branch less. The leaves are sometimes arranged in two 
rows, particnlarly when the stem is elongated (e.g., Pterit aquilina) ; 
and this peculiarity is not ttnfreqnently exhibited, that the two series 
of leaves approach each other on the dorsal sorf ace of the stem, e,g., 
Pohfpodium vulgare; but they are sometimes arranged in a spiral, 
with a considerable angle of divergence. The blade o< the leaf is 
usually much branched, and in its early growth it is curled spirally 
forward im itself into the shape of a orozier (circinate vernation). 
The hairs are often conspicuous by their size and breadth, and 
frequently completely envelope the young learee and the growing 
part of the stem; they are called pateca or ramenta. The roots 
spring usually from the leaf-stalks of those species the stem of 
which is very densely covered with leaves, e.^., Nephrodiv/m FUix-mat ; 
they form a thick felt-like covering on the trunks of tree-ferns, 
which sometimes exceeds the diameter of the stem Itself in thick- 

The production of spores is exclusively confined to the leaves, aud 
it takes place without their undergoing any important metamor- 
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phosis. In man; cases the fertile leaves are bardly to be dis- 
tingtushed &om tlie barren ones, and where a difference is perceptible, 
it consists almost only in this : that the fertile leaf — or portion of 
the leaf — developes little or no mesophyll. The fertile leaves are 
never confined to a particular regicot of the stem, still less to any 
particnlar branch ; bnt the stem bears at first only barren leaves, 
and, Bs it grows older, produces fertile leaves periodically, as well as 
sterile ones. 

The Sort consist of groups of sporangia which are arranged in a 
certain relation to the venation of the leaves, and their form and 




«t important gnnipB of ?enu. all ■een from beloir. A Finna at 
a of ths Hymenopb jllaceo ; rrweptaclai ■ BpoTaagia; i Indxi 
tfnDi i M a tmlE of tba inan^nm Is TemoTBd. B Pinna ot DavAlliA— U • the nndamds of the 
ladoilnm (i] fi tamed back, the upper half U beoome part of the leaf margin. C F*rtot a 
leaf of Flerit HTrulobi : i the iponingla i <■> the Inverted margin. D LaoinU oE Hephrudimn — 
at I the Indoflinm 1b Temoved, and at r the iporDingEa aleo. S boiniaof an AiplenLam — ut 
a the iQdn^mn ie tnmed back. F Pinna ot Polvpodiun «iil9an— at r 



dietnbution is characteristic of genera and even of still larger 
divisions. In many genera, e.g., all the Hymenophyllaceaa (Fig. 120 
S), Dicksonia and Davallia, the soms is sitnated at the maigin of 
tiie leaf at the extremity of a vein, and consists of two puiis, a central 



QBOnP III. — THS TASCHLAE CBTPTOOAUg. 161 

part which bears the Bporangia, known as the reeeplacUi (Fig. 120 j1 r), 
which is an elongate*], filiform, or short cnshion-like Btractnre, and 
a cap-shaped, sometimes deeply two-lobed int^nment, the indueiwrn 
(Fig. 120 A t). In most Ferns the soma is at some distance from 
the maigin of the leaf, on the nnder surface ; the indusinm then 
appears as covering the receptacle on one side only (Fig. 120 £££), 
and its form varies in the different genera. The half of the primi- 
tively cnp-shaped indnsinm, corresponding to tho npper surface 
of the leaf, has disappeared (Fig. 120 B). In many genera tho 
indnsiam has disappeared altogether ; the soms is then said to be 
naked (Fig. 120 F). Matty Ferns bear the sporangia in a maiginal, 
row which may be supposed to have originated by the coaleaceuco 
of contigaoos serf. The inferior indnsiam, in snch cases, is usnally 
not present : the margin of the leaf covers the sporangia as a so- 
called spurious indusium (Fig. 120 0). Finally, in some Ferns, tho 
sporangia do not form sori, but Bxe scattered over the whole of tho 
nndor surface of the leaf, on the mesophyll as well as on the veins. 
The hair-like structures which the receptacle sometimes boars inter- 
spersed among the sporangia are known as parap}iy»et., 

The Sporangium (Fig. 121) is a capsule 
with a wall of a single layer of cells, and 
having a short stalk; it is rarely sessile. 
The spores commonly originate from the 
repeated division of a single cell which oc- 
cnpies the centre of the yonng sporaugium ; 
in only a few families the sporangium is 
developed from a group of cells, of which 
the loner cells constitute the mother-cells 
of the spores. In direct relation to the 
mode of mpture of the sporangium are 
certain cells, which have a peculiar stmc- 

'rure, and which are much thickened ; they , , „ , „ , .„, 
Form a ring or anmthu, which, m some « auik; r ihg riDg whiah si- 
families, is completely closed, and in others «""'^ " "* Btomii™ .t. u this 

. ^T7- in. ^ ^1. 1. >pot the mU of the ipomngiam 

not so (Fig. 121 r), or they may be con- „pn^. oniy a tew of tha 
nected in some other form, but in any case ■pore* (iji) »re indi««»j, (ot tiie 
the Bggr^ate of these cells ia spoken of 

as the annulus (Fig. 122 r). The stractnre of this anaoloa is an 
important chuiusteristio of the Tarions families. 

The group of the Ferns includes the following eight families, of 
which some are exclusively tropical, and the others, though they have 
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representafiYes in temperate climates, attain their most perfeet 
development in the tropics. 

Familj 1. HymenaphyUacecB ; this contains the simplest forms. 
The mesophyll almost always consists of a single layer of cells ; the 
soms is always marginal (Fig. 120 A), the sporanginm sessile or 
shortly-stalked, and the annnlns entire. The prothallinm resembles 
in structure the protonema of Mosses. 

Almost all the species are tropicaL Triehomanes radieatu and HymenophyUuM 
Tunbridgense and vnilaierale (or fVilsoni) alone occur in England. Some species 
of Triehomanes have no true roots. 

Fam. 2. Polypodiacece, The annnlns of the stalked sporangium 
is incomplete (Fig. 121 r), that is to say, it is not continuous at the 
base : each sporangium is developed from a single epidermal cell. 
Almost all our native Ferns belong to this family, which is excep- 
tionally rich in species. 

The following sub-families may be distinguished, characterized 
by the position of the sorus. 

(a) Davalliacea. Soros marginal, or nearly so ; indnsiom cnp-shaped (Fig. 
120 B). 

(b) Pteridea, Sori coalescent along the margin of the leaf (Fig. 120 C) ; 
indosimn spurious. Pteris aquilinaj the Bracken, has a stem which grows at 
some depth below the surface of the soil and throws up every year a single large 
much-segmented leaf (frond). Adiantnm, the Maiden-Hair, and Blecbnum 
(Lomaria), the Hard-Fern, belong to this group. 

(e) Aspidiea. Soms on the lower surface of the leaf, orbicular in form and 
eoyered by a peltate or reniform indusinm (Fig. 120 D). Nephrodium Filix mas, 
the male Fern, and other species resembling it, with a thick tufted crown of 
leaves, are not rare in woods. Aspidiom is the Shield-Fern. Woodsia and 
Cystopteris also belong to this group. 

{d) AtpUniea. The soras, which is situated on the under surface of the leaf, 
is elongated or linear, and the indusium springs from the vein to which it is 
attached (Fig. 120 E). Asplenium Buta muraria is not uncommon on walls and 
rocks; A. Trichomane$ is also abundant, with simple pinnate leaves and a 
shining black rachis. A. Filix f(Bmina is common in damp woods. Scolopen- 
drium vulgare, the Hart's tongue, with entire leaves, is common in damp hedge- 
rows and woods. 

{e) Polypodiea, The soms, which is on the under surface of the leaf, is naked 
(Fig. 120 F). In the section Polypodium the leaves are articulated to the stem, 
so that when they die and fall off they leave a roundish scar : the leaves are 
usually borne in two rows on the dorsal surface of the rhizome. Polypodium 
vulgare^ with simple pinnate leaves, is common on tree-trunks, rocks, etc. In 
the section Phegopteris the leaves are not articulated to the stem, so that when 
they die fragments of the leaf-stalks remain attached to it. 

(/) Aerostiehea. The whole underside of the leaf is covered with sporangia. 
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Fam. 3. Gijatheacea. Distingaisbed from the Polypodiace» only 
hy the preaence of a complete ammlus. 

The tree-ferns belong to this familf. Cibotimu and Di<^ksoma have matginal 
Bori irith cap-shaped inditua : C;atbea and Alsophila have their son on the 
under surface of the leaf. 

Pam, 4. QleieheniacecB and 
Fam. 5. Sckiiceaeece occur only in the tropics. 

Lygodiom ia the moat remarkable geans, its pinnate leaves grow to a great 
length and twine ronnd supports bj means of their midribs. 

Fam. 6. OemundacecB. The shortly-stalked sporangia (Fig. 122 
£), instead of a ring, hare a peculiar groap of cells (Fig. 122 B r) 
jnst below the apex; they bnrst 
open by a longitadinal slit on the 
side opposite to this (Fig- 122 d). 

Oimtinda regalti, the Fem-Boyal, is a 
not very common bat well-known Fern. 
Only the npper pinnts of the leaves are 
fertile and develops little or no meso- 
phyll ; the sori are marginal and consist 
of a great nnmber of sporangia : they 
liave no iadasium, Fig. 122 {A. i). 

FiQ. lit.— Otmundu ragolii. A Fertile 

Fam. 7. MaraiiiaeeCB. The spo- pinna with naked ■nargioal eori (■). Bome 

, , , , mesophjll is, howeTer, developed at the 

rangia of each aoma are coherent, ,«„(^i.^e). b a soUtw, epomntrimn 

and appear as the locnli of a molti- ixioo); it tbe shoit aMk ; r the umuim ; 

. , . . d the laaffiCadinal silt. 

locnlar sporanginm or tyn<mgmm ; 

they are not developed each from a single cell, bat from a growf 
of cells. The leaves, vrhich are nsaally of enormous dimenBions, 
have large stipnles at their base. 

Marattia. Eaolfassia, Angioptecis, and Daniea are tropical genera. 

Fam. 8. OphiogloieeiB. This is the moat aberrant of the families 
of Ferns ; nevertheless it is allied to the above-mentioned families 
by many features. The prothallinm is not a flat layer of cella con- 
taining chlorophyll, but a subterranean mass of tissue, containing 
no chlorophyll. The stem of tbe spore-bearing plant is always 
short, and in the indigenous species it is sabterranean ; it throws up 
a single aerial leaf, or two or three simttltaneonsly. Tbe leaves to 
be developed in the following year are already formed at the end 
of the stem and are enclosed in a sheath formed by the base of the 
mature leaf and its stipules. The fertile leaves are distinguished 
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from the bazrea onea by the production, from the upper side of the 
petiole, of a branch which bears the fmctification. The sporangia 
are large and marginal, and are borne either directly by this branch, 
as in Ophioglossnm, or by its lateral brauches, as in Botrychium 
(Fig. 123 f). The sporai^a are developed from groups of ceUs 
and have no annulns. In Ophif^lossam 
they are sunk iu the tissue. 

Ophiogloisfim vulgatum is ratberrars; it baa 
Bit entire tongue -shaped lamina and a linear 
unbianched fmctifioation. Botrychimn Lunarid 
iB tolerably common in nonntainons diatriata; 
its lamina is pinnate and the Imctifioation ia 
paniculate. 

Order 2. Bhizocaspex (Pbppbewoeth). 

Tli6 s;poTe» are of two hindt ; the 
macrogporangia each contain a tingle 
tnaerospore ; the miero^orangia cvntaia 
numerous mierofpores ; the proHuiUia are 
small and project but little from the 
wporee. 

Fam. 1. SedviniaeecB. Salvinia is the 
only genus. The male prothaUium is a 
filament which ia developed from the 
microspore. The antherozoids are formed 
in two cells at the free end of this fila- 
ment, which represent a mdimentary 
antheridinm. 

The female prothallinm projects but 
tittle from the spore. 

The stem of the spore-beuing plant 
loata on the snrface of the water and 
bears on its upper surface four rows of 
— Butrirciiiun Luiuriii flat, gTCcn, aurial Icaves (Fig. 124 I) and 
[nw. iize): ■ rooWj at item; on its under surface two Fows of dissected 

^Isat-ihMllii ■ point where the ,, , ,„, ,„, , „ 

leafbnmclieei tha .terile Umina aquatic IcaveS (Fig. 124 1o). EootB are 




1 the feniie wholly absent. The sori are situated o 
„,. ^j^^ aquatic leaves (Fig. 124 #)j each 

septu^te florus is completely enclosed in a thick indusinm, uid has a 
diameter of about 6 millimetres. Witibiu thia fructification the 
sporangia are borne on a oolumoar receptacle ; in some son tiiere 
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are namerons microsporangm with 
long stalks (Fig. 124 B i i), in others 
a smaller nnmber of stortly-stalked 
macrosporangia (Fig. 124 B a). 

Salvinia itatam ooonra in the warmer 
partB of Eniope and in the Tiopioa. 

Fam. 2. Marailiaeae. This familj 
includea two genera, Marsilia and 



main 



Fis. Iti.— Apical porliou D( thg aum 
ol GolRnu Hadiiu, wen obliqnsl; tram 
beloir(nat b1m)i 1 1 Mrial Ibtm i wh 
aqnMto leOTM, witfaaiorl. It) klenni- 
■ul bad o[ On itsm. B Longltadlul 
MOUOD tbroaBh tbrM tsrtlla tatth at an 
aquatlo Isaf (x 10) i il tito Bii wltb 
micntponuigbii ■ ona with maenxpor- 
angik. (Aftar Baohi.) 

Pilnlaris. The formation of i 
prothalliam does not take place; the 
whole contents of the microspore nnderga 
division and give rise directly to a nnm- 
ber of small cells,' in each of which an 
antherozoid is formed. 

The stem of Marsilia creeps along the JZ.'^^t>^,^(^^^^ 
bottom beneath the water (Fig. 125) and luio. XTermtuJbndibbiaaTMi 
bears on its npper surface two rows of // ft^^Uj^ii™ apriagiin from 
leaves with long petioles and qnadrifoli- 
ate laminra. The under snrface of the stem bears only roots. The 
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fertile leaves brancli above their insertion ; the one branch is qnite 
similar to a sterile leaf, the other bears a legnminoid fructification 
(Fig. 125 /), which contains several sori enclosed by indnsia. This 
fmctification, like those of the Phanerogams, consists of an infolded 
leaf. The sporangia are developed each from a single cell on the 
inner surface of the wall of the fmctification. Each sorns contains 
both macro- and micro-sporangia. 

Marsilia quadrifoUa occurs in temperate countries, and many other very 
similar forms abound in warmer climates. 

Pilularia globulifera has narrow bladeless leaves, and the fructification is 
globose, but otherwise it greatly resembles Marsilia. It occurs in England. 



Class VI.— EQUISETIN^. 

The fertile leaves are arranged in whorls and form a spike at the 
apex of the stem ; they are peltate and hear the sporangia^ which are 
developed from groups of cells, on their inner surfaces. The spores 

are all of one kind. 

. 

This class contains but one genns, Eqnisetnm (the Horsetail). 

The prothallinm is much branched and corrugated: it bears the 
antheridia at the extremities of the lobes, and the archegonia in the 
angles between them. 

The spore-bearing plant consists of a subterranean colourless 
stem which every year throws up green branches which usually die 
down in the autunm. The leaves are represented by an annular 
dentate leaf-sheath at each node (Fig. 126 A v). The outer surface 
of the aerial internodes is usually not smooth, but striated with 
longitudinal ridges and furrows (Fig. 126 B) : each ridge corre- 
sponds to a tooth of the leaf-sheath. This external configuration 
of the stem is intimately connected with its internal structure. The 
fibre- vascular bundles are arranged in a circle (Fig. 126 B s), in 
each bundle there is a caviiy, the lacuna (k), which is formed by 
the separation of the annular vessels ; the fibre- vascular bundles lie 
on the same radii as the ridges on the stem. There are also large 
cavities in the cortical tissue which lie internally to the grooves 
(Fig. 126 B f). The pith too is replaced by a large air-space, the 
central cavity (Fig. 126 B c). The branches spring from the base 
of the sheath between the teeth ; they are similar in structure to 
the main stem. 

The fertile branches terminate in a spike (Fig. 126 A a), formed 
of the leaves, which are transformed into peltate scales bearing 
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sporangia. The last leaf-sheath below the epike is mdimentary, and 
is called the ring or atmuhis (Fig, 126 A w). The scales stand 
in anmeroiia -rrhorla ; they have stalks and bear the sporangia on 
their internal surface. The sporangia are sac-like and open in^ 
wardfl by a fissure (Fig. 126 gp). The spores are enclosed by 
two coats, the two being 
connected at one point 
only. The outer mem- 
brane splits along a spiral 
line into two spiral bands 
(elaterg) which, when 
they are dry, are extended 
cross- wise, bnt roU np 
nnder the influence of 
moisture, 

The difFerent BpecieB of 
Diinieetnm all inhabit duop 
pl&cea, bogs, wet fi^ds, and 
woods. While some of the 
tropical forma attain ao im- 
mense height and thicknsBB, 
nod the fossil forme were of 
gigantio proportions, our in- 
digenoDH epecies reach at the 
Qtmost (he height of a few 
feet, and a thickneu of per- 
haps half an inch. In B. 

arvtn»e and E. Tel-nicUia the ,,^_ ^^^^ ^^^ ^^^ ^^ ^ ^^ ^^^ ^ 
fertile shootfl appear in the E»uifrt»m polwlrt. n LBif-«ho»th», below which the 
spring before the barren ones, branchM (r) aprinsi ■■ 1^ nppenuMt iMrila ■haaUii 
and are devoid of chlorophyll, -">• spiks i t the peltate fBrttle lea™u B Tranirsne 
... ., -, eeoUon of the stem fx fl)j o central oaTityi s tha 

while the tarren ones «e ^C;^^^al«UJg«lin.oin.l..eJ.harir« 
green. E. patuttre (Fig. 126), , ^^^^^ kj / tie caTiti« below the groTea, r the 
/imiMutn, hytmaU, eXe., bear ridgea. Peltate Isal wiUi apoiaDgla (x lO)i it tlia 
their apiies at the eitremity 'talkj ip the sporangia. D Diagiam of the couth 
of ordmary green branched ot "*«'' *>' "". f 
unbranohed shoots. S. lyl- 
vaticum prodnces fertile ehoota whioh, till the spores are ripe, peileotlj isaemble 
those of E. arveiae, which are devoid ot ehloiophyU, bat afterwards thej bear 
green lateral shoots, in oonseqnence of which the; come to be vei? aimilar to 
the Bterile stems. 
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Class VII.— LYCOPODIlSr^. 

The leaves are for the most part small, the fertile leaves often 
confined to a particular region of the stem. The sporangia, which are 
developed from groups of cells, are almost always borne in the axils of 
the leaves or close to the bases of the leaves on their upper sides. 

Order 1. Lycopodiejj. 

Tlie spores are all of one kind, the prothallium large and indepen^ 
dent. The sporangia are outgrowths from tlie bases of the leaves, and 
are sUuated in their axils. The stem grows greatly in length and bears 
numerous leaves; which are very small in proportion. 

The prothalliiini of Lycopodinni is a subterraDean mass of tissue 
of considerable size which bears archegonia and antheridia. 

The stem of the spore-bearing plant grows greatly in length : it 
asually creeps on the ground sAid branches in varions planes in an 

apparently dichotomons 

manner. The intemodes 

''KKi &^^ short, the leaves are 

closely placed in a scattered 
spiral, or they are decus- 
sate. The roots branch 
dichotomonsly. The spo- 
rangia originate from the 
tissue of the upper surface 
of the fertile leaves and 
project outwards. The 
fertile leaves, in some 
species, e,g,, Lycopodium 
Selago, exactly resemble 
the sterile ones ; in others 
they differ from them and 
are not green : in this case 

TiQ. 127.— Portion of Lycopodium clavotum, somewhat they form a SOrt of Spiko 
8maUerthannat.8izej«1ihefractifloaUon. which in L. clavatum 

grows on a stalk bearing small leaves (Pig. 127 «). 

L. clavatum and annotinum (Club-Mosses), are the commonest species 
which occur in our woods. The exotic genera Tmesipteris, Phylloglossum, and 
Psilotum (which has no true roots) differ considerably from Lycopodium in theiz 
habit, but are as yet imperfectly known* 
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Order 2. SELAaiNELLEX. 

The gporeg are of tteo hinds; the maerogporaiigia each contain four 
macTosporee, the microsporatigia, a great number of microspores ; both 
forms of sporangia are situated in the axih of ilte loaves. The pro- 
ihcdlia a/re stnall and project but little from Hie spores. The stem 
grows eonsiderahly in length and bears numerous short leave*. 

The genns Selaginella has some external resemblance to Lycopo- 
dinm; the stem branches dichotomonsly, but always m the same 
plane, and often forms ahighlj complicated branch-system. In some 
species the stem creeps on the gronnd, in others it is upright and 
even shmbby. The intemodes are short, and bear short somewhat 
Tonnded leaves, which Kte usually inserted in four rows and have 
different forma on the two sides of the stem, so that each pair of de- 
cassate leaves consists of a large inferior leaf and a small superior 
leaf (Fig. 128 u aud o). At the base 
of each leaf there is a small mem- 
branous ligule. The roots branch 
dichot»moasly in alternate planes at 
right angles to each other. The spo- 
rangia are situated in the axils of the 
fertUe leaves, which sometimes differ 
somewhat in form from the sterile 
ones. The microsporangia are usually 
higher up on tlie shoot than the 
macrosporangia. Each of the latter ^^^ ^x.-M.si«na i-I«k™ (bm. 
contains four macrospores, for only iiu) i j Uia npriRrht ferUia ihoot^ wiUi 
one of the numerous mother-cells TT^ ^ *^.° f^J^ "^^JTT 

On thB procnmbent sterile «hoot«,the 
divides into four aaughter-celle,wmcn Ihtsb on tbe nnder aids (u) ace larger 

are developed into macrospores. thwi thoee on tie -pper aide (o). 

The prothallium is formed in the macrospore, jnst beneath tne 
apex, whilst it is ripening; subsequently, when the spore germinates, 
the prothallium protrudes from the apex of the spore, the wall 
baviug ruptured along its three angles, and it there boars one or 
more archegonia. The rest of the cavity of the spore is then filled 
with a parenchymatous tissue, which may be termed the endosperm 
(Fig. 118). 

In the microspore the prothallium is only rudimentary ; it is re- 
presented by one cell, which undergoes zio further changes, vrhilst 
from the others the mother-oeUs of the antherozoids are formed by 
repeated division. 
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S, selaginoides is the only indigenous species ; it grows in bogs and marshes. 
Several species, such as S, Kratissiana, inaqualifolia, etc., are cultivated. 

Order 3. IsOETEiB. 

The spores are of two Jcinds ; the macrospores are numerous in the 
macrosporangia. Both Jcinds of sporangia are situated at the hoses of 
the leaves on their upper surface. The prothallium is small and 
projects hut little from the spore. The stem remains short and hears 
mcmerous long leaves. 

The genns Isoefcesincltides aquatic plants which live at the bottom 
of lakes, etc. The stem is short ; along two or three longitudinal 
lines on the stem a considerable growth of the cortical tissue forms 
projecting wings, between \\rbicli the roots are produced. The leaves, 
which are numerous, have a well-developed sheath separaced from 
the long and narrow lamina by a pit, the fovea, which bears a ligule 
on its upper margin. 

The sporangia are situated in this pit ; the macrosporangia occur 
on the outer leaves, the microsporangia on the inner ones. Both 
sorts of sporangia contain cellular filaments among the spores. 

The development of the prothallium is similar to that of Sela- 
ginella. 

IsoStes laeustris and other species occur in lakes where the water does not con- 
tain much lime. 



GROUP IV. 

PHANEBOGAMS. 

The most conspicuous character of this group is the formation of 
seeds, which are produced, in consequence of fertilisation, upon the 
plant itself, and are detached from it only at maturity. The seed 
contains enclosed in its coat, or testa, an emhryo, — that is to say, a 
young plant. This is usually already so far developed that stem, 
leaves, and root are formed to a certain extent, so that after a period 
of rest it at once developes, at the time of germination, into an 
individual resembling its parent. Besides the embiyo, the seed 
usually includes a tissue, called the endosperm, which in many orders 
is absorbed by the embryo at an early stage before the seed is ripe, 
and in a few others is never developed at all. 

In the Vascular Cryptogams, the structures which are thrown ofE 
for the purpose of reproducing the plant are unicellular spores, which 
more or less directly give rise to the sexual organs; but in the 
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Phanerogams, fertilisation takes place npoa tlie ploui (sporopbore) 
itBelf, and the stractnre which is thrown off for the pnrpose of 
reproductioa is an embryo invested by parts of the parent plant. 

As in many of the Vascular Cryptogams (Eqaisetam, many Sela- 
ginelleie and Lycopodiete), the spore-bearing leaves differ in form 
from the foliage-leaves,' and are collected together on certain regions 
of particnlar short axes, so in the Phanerogams the reproductive 
organs are modified leaves which are collected together at the apex 
of a short axis. This shoot, the leaves of which are thus modified 
to snb&erve reproduction, is called the Flower. 

The most important organs of the flower are the stameiu, bearing 
the poUen-iOct in which the male 
reproductive bodies, the poUen- 
(^ratiM, are contained (Fig.l29p), 
and the carpele, which nsnally 
bear the ovwlet ; within the ovule 
the oosphere is situated (Fig. 129 
E). 

The stameuB, regarded collec- 
tively, form the andrcecium of 
the flower, and the carpels the 
gyntBcium,. In addition to these, 
the flower includes other foliar 
Cleans which, however, are not 
directly concerned with repro- 
duction : these fonn the perianth ne. llV.-Dlagrun of ■ Flower. £a Ceijx. 

CFig. 129 KaE). When these ^^.P"'"""/ ""^'f,' " ff^ ''^"'' 

three sets of orgims are all pre- BhowiiiK the pollen-gniDs Cp]. Tbeee tail OD 

sent in a flower, the perianth is thostlgm»,ar,dthepollen-lnbe(p.)peBetr«M» 

., , , , , „ UiB atjlB (s) 88 far BB the cavitj of the orary 

always situated most externally, (p,_ leaohing the ovqIb (S) ; i Ihe inl^nment 

that is, at the lowest level upon o' the oyoIb; «» tbs ombrjo-aao. S The 

the floral asia; then comes the ""p*""' 

andrcecinm, and finally, nearest to the apex of the axis, the gynoe- 

The pollen-grains are formed in the pollen-sa«s by the division of 
the mother-cells into four. ■ The wall of the pollen-grain consists of 
two layers, an external, the exHne, which is firm and often covered 
with asperities ; an internal, the intine, which is very thin : the cell- 
contents consist of grwiular protoplasm, which has been termed 
fovilla. In the Angiosperma two or more nuclei are present in the 
pollen-grain, and the protoplasm is ag^^ated round them so as to 
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form masses of variotis sizes ; altlioagli these mossea are not corereS 
with cell-walla, tiiey must be regarded aa being cells. In the 
Gynmosperms, however, each of these cells has a, cell- wall, and the 
pollen-grain ia therefore obvionaly nmlticelliilar. The pollen-tube, 
by means of which fertilisation is effected, consists of the intine 
and the contents of the grain ; it growa ont, throngh the ruptured 
extine, from the largest of the cells contained in the pollen-grain. 

The pollen-grains correspond to the microspores of the higher 
Vascular Cryptogams. The fact that they are multicellular recalls 
the rudimentary prothallium. formed in the microspores of Seh^- 
nella, but no formation of antherozoids takes place. The pollen-sacs 
correspond to the microaporaugia, and the whole stamen to a leaf of 
Selt^inella bearing a microsporanginm. 

The carpels are either open, bearing the ovules on their surfaces 
(Gymnosperms), or they form, or contribute to form with the axis, 
a structure in which the ovulea are contained, the ovary (Fig. 129 
F), which, when mature, is the_fruif (Angiosperma). 




A 

Fi8. ISO.— Diagram ot tb« OtoIo'. A OttliotropoM. B Anstiopons, 
J hinlcLe; ai the ootar Intagiimeiit ; ii tbe loner inlegamuiti m mtoropjle; Jt nnoBllDflj 
mv embryo-Bao i r tha rapha ; a abalozo. 

The Ovule consists of three parts ; 

1. A stalk, called the faniclc, by which it ia attached to the parent 
plant (Fig. 130/): the point of junction of the fnnide with the 
ovule is termed the kilam. 

2. One or two coats, the irdegumenta (Fig. 130 ai ii), which do not 
completely close at the anterior end, but leave a short canal known 
aa the mieropijle (Fig. 130 m) : the point of junction of the nncellns 
with the integuments is termed the okalcaa (Fig. 130 c) : in aome 
cases (Fig. 130 A, 0) the chalaza and hilnm coincide, in other cases 
they may be more or less widely separated, as in Fig. 130 B, where 
they are separated by the whole lengtli of the ovule. 

3. A central cellular mass, the nuceilus (Fig. 130 k). 
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According to the relative position of these three parts, the follow- 
ing forms of ovules are distinguished : 

a. Atropous or orthoiropous, when the nncellns lies in one and the 
same straight line with the funicle which is usually short (Fig. 130-4). 

6. Anatropous (Fig.l305),whenthereis acxirvature at the point of 
attachment of the nucellus with its integuments (hilum) to the elon- 
gated funicle (raphe), the integuments coalescing with the raphe. 

c, Campyhtropovs (Fig. 130 C), when the nucellus with its in- 
tegument is curved on itself. 

One cell of the nucellus increases greatly in size and constitutes 
the emhryO'Sac, within which, at the anterior end of the ovule (that 
is to say, the end at which ihe micropyle is situated), is the oosphere : 
in Angiosperms this cell is developed directly by free cell-formation 
(see p. 205), but in Gynmosperms it is formed indirectly in a special 
oi^an, the corpusculwn (see p. 177). 

Fertilisation is effected as follows: a pollen -grain falls either 
directly upon the micropyle, as in the Gymnosperms, or on to the 
apex of the ovary, which is specially adapted to receive it, as in the 
Angiosperms, and it then throws out a long tube, known as the 
pollen-tube (Fig. 129 p«). This extends to the oosphere (Fig. 129 
E) through the micropyle, and the oosphere is fertilised in con- 
sequence of the contact. The result of the fertilisation is that this 
cell becomes surrounded by a membrane and begins to grow towards 
the interior of the embryo-sac, forming a row of cells, the aiispensor^ 
of which the inferior terminal cell forms the embryo by cell-division. 

A parenchymatous tissue is developed within the embryo-sac, the 
endosperm, in the Gymnosperms before fertilisation, in the Angio- 
sperms not until after it. It usually originates by free cell-forma- 
tion, isolated cells being formed in considerable numbers which, as 
they grow, come into contact and then multiply still further by 
division. In rare cases (e.g., AlismacesB) the formation of endo- 
sperm does not take place. In many plants the endosperm is 
displaced and consumed by the developing embryo, so that it has 
disappeared by the time that the seed is ripe. 

In contradistinction to the endosperm, the term perisperm is ap- 
plied to the cellular tissue which is contained within the ovule, but 
which lies externally to the embryo-sac : it is in fact a permanent 
portion of the nucellus, and it is found in relatively few families of 
plants (Fig. 157). 

The comparison of the female sexual organs and of the modes of 
fertilisation of Phanerogams with those of the Vascular Cryptogams 



■»K rr. — **» -rj-oryr-j— 1-^ zf ?Cjtr3. 




tisctlr risible^ fcnoing k 
tcTsiisAl bed. and *!■*«■* 

The portion of the s 

wliicli lies below the 

cotrledons is the iypo- 

C-fiyteJ>fiuiry portion (Fig. 

131 nUte); 

gradosllT into the mot, 

. ,*-.. I i^^uidj^ «t™ ""^ »•"> "^° together an 

M Mod; f tba micnpTiu end- designated as the radicle. 

,. , . jmimainB^ cunicDea of ow ^he intemode next above 

( bHu stwrivi (tha Hed 1*/ Ko dmt uw the cotyledons is the epi- 

ul wHtt^nf/inniHdnpbrUicootTlKlau c,,/yfe<fona™ portion. The 

•UU bCKU >'' Kf",- A Shan the rap- "1 , , . 

f,r.4 U-13W. »rt« «id/-i*nn '.), .™,*-b»lfof the embryo always bes soin 
VM» id»irii( tiws mninaA. c i/>Di^ii>iiiua ttenoa the ovnle that the apex 

Awiii <* tt>« prtmarj' rvit; > tha tabrj<nmc puhed directed towards the 
i^iLj/tHni^anilla K)i he bjjmeotyMoiUirjjioitioa, j^^l^j^^^ Y^. (,^ ffermina- 
irf Ux «!■! •' •te'io'lirj rootj r nd numbiua , 

■liUs Um hM4 i«ia. tion the root grows ont 
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throngh it. The integuments of the ovnle constitute the testa of 
the ripe seed, and occasionally during the ripening process another 
outer integument is formed, known as the arillus, as in the Yew and 
the Spindle-tree. 

All flowers do not consist of the three pari}s above-mentioned, the 
perianth, the andrcecium, and the gynoecium; the perianth, for 
instance, is absent in many flowers. Those flowers which include 
both male and female organs are called hermaphrodite, commonly 
indicated by the sign 5 ; but there are many plants in which some 
of the flowers (irrespectively of the perianth, which may be present 
or absent) possess male organs only, and others female organs only. 
Such flowers are called diclinous or unisexual, the former being 
male ((J) and the latter female ( ? ). When the flowers of both 
sexes are borne by one individual plant, they are said to be monoB" 
cious ; but when they occur on distinct plants, they are said to bo 
dioecious : it is permissible in that case to speak of male and female 
plants. When the same plant produces both hermaphrodite and 
unisexual flowers, it is said to hQ polygamous. 

Plants of which the individual perishes after once producing 
flowers and seeds are termed monocarpous ; in rare cases several or 
even many years elapse before the blossoming occurs, e.g., Agave 
americana. More common are annuals (indicated by the sign 0), 
i.e.j plants which complete the whole course of their development 
in the course of a single year, as the Wheat ; or biennials (Q)i 
plants which do not blossom till the second year of their growth, 
and then perish, as the Turnip. By poh/carpous plants are meant 
those of which each individual produces flowers and fruit repeatedly, 
year after year ; trees and shrubs are thus perennial, and have sub- 
aerial woody stems or trunks, and there are perennial herbs and 
plants which have underground rhizomes, tubers, etc. 

The group of Phanerogams falls into two divisions, the first con- 
taining only one class, the second two classes. 

A, Oymnospermoe. The ovule is naked ; that is to say, it is not 
enclosed in an ovary, but is attached to a carpellary leaf or simply 
to the axis of the flower. The endosperm is developed in the 
embryo-sac before fertilisation; the oosphere is situated within 
a special organ, the corpusculum. 

Class VIII. Oymnospermoe, 

B. AngiospermoB. The ovule is enclosed in an ovary; the endo- 
sperm is not formed in the embryo-sac before fertilisation, and the 
oosphere is formed by free cell-formation. 
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iiovoeotyhdonM. The embiyo has but one coty- 
ledon, and the ripe seed oBiuillf contauiB mwih 



Class X B 



'lyledotu. The embiyo has two opposite coly- 
ledons, and the endosperm is frequently all ab- 
sorbed before the seed is ripe. 



DIVISION A. 

Cuss Vin.— GTMNOSPERM^. 

The omtle m not encloted in an ovary ; it i$ attached either to on 
open carpel, or to the axit, no carpel heing preteni. The endotperm 
it formed in the etnhryo-gae he/ore fertilisation, and Hie oospkere is 
deoetoped in a tpeeial organ, the eorpvsaduM. 

The flowers are always diclinoTiB, freqtiently dicecions, and almosfc 
always without a perianth. The male flowers consist of a prolonged 
axis on which nomerons stamens are inserted. These are some- 




Fia. in,— Praceu of feTtiUMtiou In 
' Via. in.— A limit Bowa at Ahiu 'pretiiLata i FiniiB(a magaiaed diagTuii); m mlcto- 
b bncta; a ■Umeiw. B PoUen-grain bigblr pylai i inlegDmsat; k nucelliui e Ilia 
ma^ifled i • eiUiia with > tiladder-liks upan- oosphere i fi neck of tbe oorpiuoiitDiai 
tjon (61) ; i intina g y Uia inoladad oalla. (Aflcr t sndocpsna ailing Hie ambrjiHaoi p 
B»o tn .) pollan.2niBB ; itbatabat. 

times peltate, like those scales of Eqnisetnm which bear the spo- 
rangia, bnt sometimes they have a greater resemblance to aa 
ordinary petiolate leaf. They bear on the inferior surface two or 
more separate poileu-saes (Fig. 132 A a), which open longitudinally, 
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SO as to allow the pollen-grains to escape. These always consist of 
at least two (Fig. 132 B), and often of several cells, from the largest 
of which the poUen-tnbe is developed. In the course of this pro- 
cess the extine is nsnallj ruptured and shed, but in some rare cases, 
e,g.j in the Cycadeae, it is pierced by the pollen-tube. 

The female flowers are usually prolonged axes, which in some 
cases bear carpels upon which the ovules are inserted, and in others, 
bear the ovules directly, carpels not being present. The carpels 
are frequently closely packed around the ovules, but they do not 
form an ovary. 

The ovule is commonly orthotropous, with a very short funicle 
and having but one integument. The nucellus is large and the 
embryo-sac is at some distance from the micropyle (Fig. 133 e) ; 
the sac becomes filled with endosperm in which, at the anterior end 
several corpuscula are developed (Fig. 133 c). Each corpusculum 
consists of a neck (Fig. 133 ^), which is formed of one or of a 
small number of small cells, and of a large central cell, the oosphere 
(Fig. 133 c). From the structure and arrangement of these organs 
it may be seen that the Gymnosperms occupy an intermediate 
position between the Phanerogams and the higher Cryptogams. 
The embryo-sac corresponds to the maerospoFe ; in this case it gives 
rise to a prothallium (the endosperm) witiiiout becoming separated 
from the parent-plant ; on this prothallium several .archegonia (the 
corpuscula) are produced. The pollen-grains correspond to the 
microspores, but they do not here give rise to antherozoids. The 
pollen-grains are borne by the wind to the micropyle; they are 
conveyed through it by the fluid there secreted to the nucellus, and 
they penetrate its tissue by means of the pollen-tubes which they 
protrude ; each tube makes its way through the neck of a corpuscu- 
lum, coming into contact with the oosphere, which is thus fertilised 
(Fig. 133 s). The fertilised oosphere elongates downwards, forming 
a snspensor bearing' the embryo at its inferior extremity. 

The ripe seed always contains endosperm in the midst of which 
the embryo lies longitudinally, its root-end being turned towards 
the micropyle (Fig. 131 1 y). The stem bears two or more ooty- 
bdons arranged in a whorl (Fig. 131 c). 

The class contains the following three orders : 

1. GycttdeoB. The trunk is rarely branched, or not branched at 
all ; the leaves are large and much branched. 

2. OonifercB. The stems are much branched, the branching being 
axillary and monopodial ; the leaves are very small and entira 

K 



ITS PART IV.-^— THE CLASSinCATION 0? PLiUTB, 

3. Giielaee(B. The habit of these plants is varioae ; ihey dia> 
tinctly approach the Angiospenus in the character of their flowers. 



Order 1. Cicades. 

The item. U gli'gTilly branched or not at tsU; the leavex are larije 
and branching. 

The Cycadem are plants which, in many partictilars, have affinities 
with the Feme, while, on the other hand, in external appearance 
they resemble the Palms. The stem is tabercnlar or cylindrica1« 
and thickly set with leaves. The leaves are of two kinds — some 
being scale-like, brown, and dry, closely (wvering the stem, th^ 
others being green, pinnat^ 
and of a leathery consiBtency ; 
these last are prodnced an- 
nually, or at a longer interval, 
and form a magnificent crown 
at the apex of the stem. 

The flowers are prodnced 
terminally at the apex of the 
stem, the male and female 
flowers beii^ borne by dif- 
ferent individnals. The male 
flowers consist of an axis 
which bears peltate stamens, 
having the pollen-sacs on 
their inferior sorfaces; they 
somewhat resemble the spikes 
of Bporangia of Eqnisetnm. 
A o«rpei of The female flowers are for tho 

lie); / pinnie; « otuIbb. , , ,,, ., 

cala, Witt two oTOiea {>) i^T^^t part cone-like ; the axis 
bears nninerona carpels ; on 
the inner side of each carpel there are two orthotropons ovules (Fig. 
134 £). In the genus Cycas the female flower is composed of a 
rosette of leaves, each of which is formed like the foliage leaves of 
the plant, only that it is much smaller and bears ovules in the place 
of the lower pimue (Fig. 134 A). In Cycas, too, the axis of the 
plant continues to grow after the production of the flower. 

The ovules have an integument which becomes succulent &t 
maturity, and they acquire a considerable size. Those of Cyaui 
are as largo as a plum even before fertilisation. 




Fia. I3t.— Tbe ttavni i 

B Carpel of Zomia muricnta. wiCli two ovaiei 
C BUmeu ol (he same, with the BuChen (f). 



) Srbuadaat in 

r habit is the 

la the etmc- 

I Dicotyledons ; 
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Thff embryo has two cotyledons which do not escape from the 

seed on germination. 

The C;csdes aie natiTSa of trapioal America; tkej' oecnr — tever in number — 
in Santh America and tropical Aaia. Cyau revoluta and cfrcinoli*, Zamia 

uui-ieata and Dion eduU are often grown in bothonsea. 

Order 2. Conifebj;, 

Tlie item branches eetensively from the axih of the laavet, hut not 
from all. The leaves are entire and relatively email. . 

This order includes the Pines and Firs which ai 
temperate climates. A conspicuous feature in the 
regularity of the mouopodial branching of the stem. 
ture of their tissues they exhibit affinity with the 
the trunk increases in thickness, as it does in the Dicotyledons, by 
means of a ring of cambium; the secondary wood, howerer, con- 
tains no vessels, but consists entirely of wood-cells (trache'ides), the 
walls of which bear peculiar bordered pits (Fig'. 42). 

The male flower consists of an elongated axis covered with 
stamens of various forms, which bear two or more pollen-sacs on 
their inferior surfaces (Fig. 132 A). 

The stmetnre of the female flower differs considerably in the 
various families, and in some has not yet been accurately inTesti- 
gated. 

The embryo has a conspicuous primary root which grows per- 
sistently, and two or more 
cotyledons which escape from 
the seed and unfold on ger- 
mination (Fig. 131). 

Sub-order 1. Taxine«. The 
ovules are perfectly naked, 
there being no carpels. The 
flowers are always dioecious; 
the enibryo has two cotyledons. 

rmui haeeaia, is the Yev ; the 
ovules occor aini 
very ahort branchea (Fig. 186 J 
which bear noineroiw braota. The itBomentj 

fertiliead ovule during it 

becomea enrronnded b7 an arillus 

(Fig. 135 i. /), which, when it ia ripe, is red and fleshy. The leaves, which 
are spirally ananged, project on two aides from the atem, and are flat and 
linear, light gieeu upon the under Hurfaoe, but destitate of white stripea ; by 




ISe.— rmiM laccalii. A The branch o( a 
tree with y) fruit (nab. ^e). S BecUon 

.. anale Sower (x V)); i Boale-Uke bracta 

at the end of which an 11111 vlilble at the ban at the froiCi 
itl7 teimlnal OTole, with (i) the In- 
a mlcropjrlei li nucellasi a a the 
raaimenl of the arllLaB, which anbHqaBDtly 
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thia the tiM ie at onoe dietingniihable from ths SilTer Fir, nhioh reaemblea 
it in habit. Saliihurya odiaHtifolia {Ginkgo Jnloba], which grows in China and 
Japan, haa broad wedge-shaped leavas, with pshnata Tsnation. Fhjlloolodna 
haa flattened phjlloid btsndiw. 

8n1>-order 2. ARAncAEUCEX. Flowere nsnallf moDcsciaas. The 



female flower is tlie well-known 




of the Firs and Pines, consist- 
ing of an axis (Fig. 136 B ip) 
bearing scales (Fig. 136 e), ar- 
ranged spirally or in vhoris, 
which are the bracts. In the 
axil of each of these faractv 
there is a second scale, the car- 
pellary scale, which veoall; 
bears two or more 0Tnles(Fig. 
136 tk). The relation of these 
two scales to each other has 
been explained in a variety of 
-ways. The view here follovred 
is, that the carpellaiy scale 
repres^its the axillary bruich 
of the bract, consisting of an 
axis bearing a carpel which 
is fused with it, and which 
hears the omles. 

In some genera (Pinna, Jnni- 

peras), the seed takes two 

years to come to maturity ; in 

the first year, the pollen-tabe 

penetrates only a short distance 

into the tissue of the nncellus, 

A A iMM^^ """^ it is not tiU the foUowing 

«een baa Bboie, yeuT that it reaches the em- 

be«togowoTnl<» bryo-sac and fertilises the 

Dart nf tha fmiKla ' 



rrom the faisalt floral i 
with tlie oarpsUar; mile 

(HO (magntOed). B Cpper part ol tlia (amale 
OowsT (or cone) in the matim MaUj v Barti OOSphero ; the embryo at once 
axUDTBitiof UiemiWi i>iUluTH(brao>a)i b^nns to develope. 
1 the larg«I;'.d«T«lapea oarpalUr? BoalM. CA _,, _, ^ *_ n, < .r 

UpeoarpaUaryHale. «Uh ths two Mod* («}; Ihe embryo has from 2 to 15 
/ tt«wiiigoftlieieed(ndiioBd). cotyledoDS (Fig. 131 e). 

This Sub-order may be divided into the following four families : 
Fam. 1. Abietinece. The carpellary scale is coherent with the 
bract only at the base ; the micropyle of the ovule is directed down- 
wu^s ; the arrangement of the leaves and scales is spiral. 
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The flowers are moncBoions : there are two ovules at the base of 
each carpellary scale ; the ripe seed has winged appendages spring- 
ing from the surface of the carpeHary scale (Fig* 136 Of) ; the 
pollen-grains have nsnally vesicular expansions of the extine (Fig. 
132 B hi) mied with air. 

The genus Abies has flat eaipellary scales ; the seeds ripen in a single year ; 
the leaves, which persist for several years, are arranged spirally only on the elon- 
gated shoots. In most species the persistently growing stem bears weU-developed 
lateral branches in the axils of the leaves belonging to the upper portion of each 
yearns growth, and less well-developed branches irregularly in the axils of leaves 
lower down. The secondaiy branches develope in the same manner ; the develop- 
ment of branches of a hi^er order takes place especially on the two sides of the 
nearly horizontal primary branches. 

The male flowers are developed in the axils of certain leaves of the shoot pro- 
duced in the previous year. 

In the sub-genus Abies, in its restricted sense, the Firs, the acicular leaves are 
flat, with two margins, and are marked with white streaks upon the under sur- 
face ; the cone stands erect in the axil of a leaf borne by a shoot of the previous 
year, at some distance from its apex ; when it is ripe, the bracts and carpellary 
scales fall ofiP, together with the seeds, from the axis which persists for a time. 
To this genus belongs Abies pectinataf the Silver Fir, the emarginate leaves of 
which stand out in a eomb-like manner from the branches. A. eephaloniea, 
which grows in Greece, and A, PintapOt which grows in Spain, both have pointed 
leaves. In the sub-genus Picea, including the Spruces, the leaves are prismatic, 
with four angles; the cones are developed at the apex of the shoots of the 
previous year, become pendulous after fertilisation, and, after the shedding of 
the seed, drop off entire. To this group belongs AHes excelta^ the Norway 
Spruce. The sub-genus Tsoga (peculiar to North America) has eones like those 
of the Spruces and leaves like those of the Firs, and branches arranged in whorls, 
though this is not always evident, as in ii. canademU (the Hemlock Spruce) and 
A. Douglasii, 

The eones of the genus Larix, the Larches, reseiipble those of Abies ; the leaves 
persist through one season only ; they are arranged spirally on the elongated 
branches, and in a fasciculate manner on the dwatrf -shoots which are developed 
in the axils of the leaves of the elongated branches of the previous year ; these 
dwarf -shoots grow but slightly every year, but they may be transformed into 
elongated branches. The male flowers, as also the cones, are situated at the 
apex of the dwarf-shoots. The branches are not arranged in whorls but irregu- 
larly. Xr. europaa belongs to the Alps and the Carpathians ; other species are 
found in Siberia and in North America. 

The genus Gedrus, the Cedars, differs from Larix in that the leaves, which are 
arranged in the same way, persist for more than one year, and in that the seed 
takes two years to ripen. C, LibatU occurs in Asia Minor, and (7. Deodara in 
the Himalayas. 

In the genus Pinus, tbe Pines, the carpellary scales have a thickening at their 
free ends, presenting on the exterior a rhombic surface, the apophysis. The seed 
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takes two years to ripen. The green leaves, which persist for several years, are 
borne in groups of two, three, or five, on dwarf-shoots which bear cataphyllaiy 
leaves at their bases, which do not elongate, and which are borne in the axils of 
the scaly leaves of the elongated branches of the same year. The primary 
branches are arranged in false whorls near the apex of the shoot of any one 
year, and the branches of a high order are also arranged in this manner. The 
male flowers take the places of the dwarf-shoots at the base of an elongated 
branch of the same year ; they are closely packed. The cones take the places 
of the whorled branches near the apex of the elongated branches of the same 
year. 

In the snb-genns Pinaster, each dwarf -shoot bears only two green leaves ; the 
apophysis is rhombic, the seed is winged. To it belong Pinus sylvestrU^ the 
Scotch Fir; the cones are borne upon short stalks and bend downwards; the 
winter-binds are rounded : P. montana occurs in the Alps ; the stem is usually pro- 
cumbent, but sometimes erect ; the cones are sessile and are placed horizontally : 
P. Laricio occurs in southern Europe, and has pointed winter-buds : P. pinea 
is the Stone-Pine of the south of Europe ; the seeds are large and edible, with 
small wings. The North American sub-genus Ta»da differs from the preceding 
in that the dwarf-shoots bear three leaves. In the sub-genus Strobus, including 
Fintu Strobus, the Weymouth Pine, the dwarf -shoots bear five leaves; the 
apophysis is semi-rhombic, and the seed is winged. The sub-genus Cembra, 
finally, has a large wingless seed, and its cones fall to pieces; to it belongs 
Finns Cembra, the Siberian Stone-Pine, occurring in mountainous districts such 
as the Alps and Carpathians. 

Fam. 2. AraucarieoB. The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed downwards ; 
the leaves and the scales of the cones are arranged spirallj ; the 
ovules are completely enclosed bj the scales ; thej are trees with 
very regular branching ; branches in whorls. 

Araucaria imbricata occurs in Chili; A. excelsa on Norfolk Island. Dammara 
orientalis, in the East Indies, furnishes the Dammar resin. In Cnnninghamia 
each scale bears three ovules, whereas in Araucaria and Dammara it bears only 
one. 

Fam. 3. Taxodiece. The carpellary scale is completely fused 
with the bract; the micropyle of the ovule is directed upwards; 
leaves and scales arranged spirally. 

Taxodium distiehum, the Deciduous Cypress, grows in swamps in the United 
States. WellingUmia giganUa (or Sequoia) is the Califomian Pine, remarkable 
for its enormous size and for the great age which it attains. Cryptomeria japo' 
niea is an ornamental shrub. 

Fam. 4. OupresnneoB, The carpellary scale is completely fused 
with the bract ; the micropyle of the ovule is directed upwards ; 
the leaves and scales are arranged in wborls. 
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The leaves are arranged in whorls of two or three, and at their 
bases are coatinnoTis with the cortex of the branches. The scales 
(consisting of the fused bract and carpellary scale) of the cone bear 
one or more OTnles on their inner snriEice at the base. In Juniperui 
communi* and allied species each scale bears onl^ one ovale, placed 
somewhat to one side, on its inner surface ; so that it appears as ii 
the three ovnles alternated with the three Bcales. The flowers arc 
moncecions or dioecions. The embryo nsnally^ has only two cotyle- 

Id Jnmperna (ditedotu) the soalea ot the 
cones become raceolent wben ripe and cohere 
to form a berrj. In the inb-genua OxycedraB 
(to which J. cammunit, the common Jnniper, 
belonge), tbe leaves are omnged in whorls ot 
three ; in accordance with this the cone bears 
three icalee. la the sab-geuna Sabina (to 
which J. Sabina, J. virginiana, aod others be- 
long), the leaTea are amiDged in whorls of 
two ; in these tbe cona bears two scales (Fig. 
137 A), and each scale bears one or two ovnles. 
TJwja ocddentalit, tnta North America, is 
commonly cnltivated. The toaleB of the eonei, 
which bear each two ovules, become woody and p^^ 
the fruit opens like a capsule ; the seed has a jHiipiriij saima, u 
narrow wing. The deoassate leaves project (Bi»g.>i//iho tiro inraoor Kaiw 
but Uttle from the anriace of the branch, and """ bearing two ovnlei <•) -.ff th 
bear a protmding re»in-recept«le. The nlU- «<"'PP«'^'» «•'-■ B.^™ 
mate shoots branch only in one plane, and Oia renioT«l of the bracto ; /// is 
thnseome to resemble branohed leaves. Biota three MnleBtthsanterioronetnrna 
oriattaXU, from China, is siniilar to the pre- it"™) : • "he three ovnlm. C Ripe 
ceding, bnt the seed is not winged, and the linear ' 
resin-reoeptaeles are imbedded in the leaves. 
CupreiMu ttyapervirau, the Cypress, baa peltate stalked scales on the eones, 
bearing niunerons ovnles. This is also the case in Chamsoyparia, to whioh 
many ornamental sbmbi belong, bnt each scale bears only two ovnles. In 
Callitris the cone i« ronnded, and is composed of fonr scales ; the lower broad 
scales bear two or three ovules, whereas the npper ones bear only one or they 
are sterile. 

Order 3. Gnetacea. 

The Gnetacem differ from the Conifer© in that the male flowers 
are provided with an investment which more or less resembles the 
perianth of Angiosperms. 

Ephedra dittaehya is a shrub occurring in Southern Eiu'ope ; it somewhat le- 
■emblas an Eqaisetum, for it has long eieet biancbea and smaU leave* arranged 
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in whorls, and coherent so as to form sheaths at intervals round the stem. The 
flowers are dioecious. WelwiUehia mirahilU is a remarkable plant pecnliar to 
Western Africa ; it has a yery short, thick stem, somewhat resembling a yery 
large beetroot, and two large foliage-leayes, in the axils of which diehotomonsly 
branched inflorescences are developed. Both the male and female flowers aie 
borne in cones ; thej are monoecious. 



DIVISION B. 
ANGIOSPERMJS. 

The ovules are enclosed in an ovary. The endosperm is formed in 
the emhryo-saCf after fertilisation, hy free cell-formation. 

The flowers are for the most part hermaphrodite. The axis of 
the inflorescence is XLsnally expanded, forming a receptacle or toms 
on which the closely packed floral leaves are arranged either in 
whorls or in a spiral. Each of the three sets of organs — ^the 
perianth, the andrcecinm, and the gynoecinm — when the arrange- 
ment is spiral, forms one or more tnms of the spiral ; when the 
arrangement is whorled, each consists of one or more whorls. 

The growth of the axis of the inflorescence (excepting in certain 
abnormal instances) terminates in the production of the uppermost 
series of floral leaves. Bnds never occur in the axils of these leaves, 
except in the case of monstrosities. The portion of the axis below 
the flower is usually prolonged and is called the peduncle, it is 
commonly furnished with one or more bracteoles (prophylla). 
When the peduncle is very short or suppressed the flower is said 
to be sessile. 

The Perianth is completely absent in comparatively few families, 
e,g,j Piperaceaa. In most it consists of two series of organs differing 
in their structure and texture ; the outer, called the calyx, composed 
of the sepals, and the inner, called the corolla, composed of the 
petals ; when this is the case it is said to be hiseriate.. The Sepals 
are usually firm in structure, of a green colour, and small in size ; 
the Petals are more delicate, and are white or coloured, e.g., Bose, 
Geranium, Flax. In many cases one or other of these two series 
is wanting, although it is well developed in allied plants : thus 
the calyx is wanting in the Composites, and the corolla in Caltha 
and Daphne. In the latter case the calyx usually assumes the 
texture of the corolla and becomes petaloid. Other plants have 
a simple perianth, one, that is, which does not present any dis- 
.fcinction of calyx and corolla, and which cannot be proved to repre- 
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Bent either the one or the other, when it is spoken of Bimply as a 
perianth. It is osnallj sepaloid (Stinging Nettle), more rarely 
petaloid (Aristolochia). The individaal leaves of the perianth may 
be either perfectly separate {eleutheropetalous or polypetalotu corolla, 
eleuiherosepalous or polyiepalowt calyx), e^., Rannncnlns ; or they 
may cohere from the base npwards, so as to form a longer or shorter 
tube, which divides at ita upper end into aa many teeth or lobes as 
there were originally leaves (gamoMpaloue calyx, gamopelatcms co- 
rolla) (Fig. 13S ABO 6 aadBk); e.g^ the Primrose and the Tobacco 
plant. In Dianthna (the Pink) the sepals alone are coherent, as also 
in Daphne (Fig. 138 D) where the corolla is absent. More rarely 
all the leaves of the perianth cohere to form one tube, e.g., tho 
Hyacinth and allied genera ; the six lobes of the tnbe correspond 
to the three sepals and 
the three petals. The 
Eomple perianth also 
may consist of separate 
leaves {deutherophyUous 
or polyphyUom peri- 
anth), e.g., Anuu-antns, 
or the leaves may be 
coherent (gamopkyUtnie), 
e.g., Aristolochia. 

The degree of dividon 

presented by gamophjlloQe 
periBDthi into teetb or lobes 
is indicated b; the same 
terns which are Dsed in de- 
scribing the incision of the 
leaf-bUde (page 12). The ( 

(orm of the gamopetalons a6-p»rtfto(»ly» (k). B Nicoliima Tolwciim, « 
corolla may be campanalatt, 
as in the CompaTiTilA ; /un- 
nrl-thaped {or injmidibuii- 
/odr), as in tha Bind-weed (Fig. 138.4); rotate, sb ia the Elder (Fig. 138 e). 
The apper and lover portiotu may fregoentlj be diatingmalied, the lower as 
the tube (Fig. 138 B r), the apper expanded part as the limb (Fig. 183 S (). 
Other pecaliorities of form ore connected with the Hymmeti; of the flower 
(page 191). 

The petal frequently consists of two parts, the rfaw and the limb, 
as in the Pint (Fig. 139 A B). The Corona (paracorolla) in the 
Narcisaos and Lychnis is formed by lignlar ontgrowths from the 
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claws (Fig. 139 B I), Any segmentation of the petal, as in the 
Fink (Fig. 139 A) ia nnnenal ; emarginato or obcordate petals are 
more commcoi. In many oases the petals hare epnr-Bhaped appen- 
dages (Yiolet), or they are prolonged at the base into tnbes, as in 
Helleboms and Aconitam. This pecaUarity is connected with the 
secretion of the nectar (p^e 194). 

The coZicwIiM or epiealyx is formed by leaves which grow close 
under the tme calyi of the flower ; snch are the small leaves which 
alternate with the sepals in Potentilla (Fig. 139 £7 a) and in Malva. 
In some cases these leaves are the stipules of the sepals, in others 
they are bracts developed close beneath the calyx. Snch an 
arrangement of leaves close beneath the flower, so that on a 
snperficial view they seem to form part of it, is of freqnent 
occnrrencc, as in Aitemone Hepatica. 




Via. 139.— A reUil al Dianthut •uptrbiu; wltli |n) lbs ctew snd (71) tbs Umh, mncb divided. 
B Petklof Lychniai ■ol»«ipUmb( 1 lisnltk O Flowsc at PotentlUa, msh from below t 
DEoroU*} kcslTZi sepiCBlTx. 

The Andrcecium consists of the male oi^^ans of the flower, the 
stamens. Each stamen consists of two parts ; a slender stalk 
called the filament (Fig. 140 i), and the organ which contains the 
pollen-sacs (Fig. 140 Dp), known as the anUier (Fig. 140 a). The 
anther consists of two longitudinal halves, each of which nsnally 
contains two pollen-sacs ; these two halves are nnited by the npper 
portion of the filament which is known as the eimneelive (Fig. 140 
c). This is occasionally Tcry narrow, so that the two halves of tho 
anthers lie close together (Fig. 140 ^j a) ; in this case it may be 
that the connective is not sharply marked off from the filament, 
and then the anther is simply attached to the npper end of the fila- 
nient (innate) ; or it may be articulated as by a joint, so that the 
anther with the connective can oscillate on the apes of the filament 
^verMlUe anther. Fig. 140 A<,). But tho connective is often brooder, 
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80 that the two halves of the anther are widely separated (Fig. 140 
B) ; it may be much elongated and very delicate, so that, with the 
filament, it forms a T-shaped body (Fig. 140 0) ; in this plant, the 
Sage, the further peculiarity is exhibited that one-half of the anther 
is abortive and is modified for another purpose. It is only rarely, 
as in Herb Paris, that the connective is prolonged beyond the 
Anther into a point, or into a bristle, as in the Oleander ; the two 
halves of the anther then appear to be placed laterally on the 
filament. 





Fia. 1 10. ~ Stamen. A^ Of Liliaxn; « fila- 
ment; a the anthers. A^ Side view. B Of 
Tilia; c connective. COf Silvia; b is the 
half of the anther that has been modified. 
D Transverse section of the anther of Hyperi- 
cnm (mag.) ; p the 4 poUen-sacs ; c oonneo- 
tive. 



Fig. 141.— il Stamen of Allium. B 
Of Vaccinivm Jfyrttllu*. C Of Paru 
quadrifolia (mag.); / filament; e 
connective; a anthers; b appen- 
dages; p the pores by which the 
anther oi>ens. 



The filament is usually round and stalk-like, of a delicate 
coloured or colourless tissue ; it is occasionally flattened ; when it 
is very short the anthers are said to be sessile. 

In some plants, e,g.. Allium (Fig. 141 A)^ the filament has 
appendages; in others, e,g,, Erica (Fig. 141 B) and Asclepiadeae, 
the anthers themselves are furnished with appendages, such as 
spurs and so forth. In certain plants, as Bicinus and Hypericum, 
the stamens, that is to say the filaments, branch, either, like most 
leaves, in a plane perpendicular to the median plane, as in Myr- 
taceaa, or in various directions, as in Bicinus (Fig. 142) ; an anther 
is borne on each of the branches of the filament. 

Somewhat similar in appearance, but essentially different in 
structure, are the coherent stamens of the Papilionaceas and other 
plants. The stamens of each flower may be collected into a bundle, 
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commonly into a tabe, or into gronps of two, three or more, when 
thej are said to be mono-, di-t iri-, or polj/'Odelpiout. The anthers 
and the npper portion of the filaments commonly remain free. The 
torangement bectmies highly complicated when the filaments are 
at the same time cobCTent and branched, aa in Malvaceie. In the 
Composite, e^^ the Snnflower and Thistle, Uie filaments are free, 
bnt tbe aiMien become cohCTent (tyngeaeiiow), though they are 
not originally nnited. 

Besides these Tarieties of urangement, it frequently occurs that 
the filaments adhere to other portiona of the flower, particnlarly of 
the perianth, so that they — or wb«n they are very short, the anthers 
— appear to be inserted not npo'i the axis of the flower, bnt upon 
the learee of the perianth {epipelaiotu 
or epiphyUous). This condition is 
most frequently present when the 
petals themselves are connate and 
form a tnbnlar corolla, e.g., Primula. 
The adhesion of the stamens to 
the carpels is of rarer occurrence, 
e.g^ Orchidaceee; the flower is then 
termed gynandrotu. In many flowers 
it happens that certain flloments, oc- 
cupying a definite position with re- 
gard to the other parts of the flower, 
are longer thui the others ; thus, of 
the six stamens of the Cmciferte 
{e.g.. Rape and Cabbage), four are 
' much longer thim the other two ; of 

t tbrongh length- ° 

"»;■) J f Ou bMai porUou oi ttas the foor stamens of the Labiate (e^^ 
componndiy-brsnched stamau; a the Lamium), two are loujrer than the 
other two. In tbe former case the 
rtamens are said to be letradnnamotig, in the latter didynamowe. 

Stamens which bear no anthers and which present to a certain 
extent a leafy appearance are called gtamiitodia ; they occur rego- 
larly in some flowers {e.g., Canna). Dottble fiotoert are produced by 
the assumption of a petaloid appearance by the whole of the 
stamens — or tiie larger number of them.* In many flowers wliicli 

■ In other oases the " doubling" is the leaolt ot a moltiplioation of the 
petali, the andrmciam remaining analtered, t.g.. Campanula. The so-called 
doubling ot CotupositB reeembleB this in its eitemol featoiea only. Thu iriU 
b* discnssed vhea the Oidet is nnder conddeistion. 
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Iiave ft spiral arrangement of their parts, e.g^ Njinphaaa, there are 
intermediate forms between the petals and stamens, so that the 
passage from one to the other is gradnal. 

The pollen-saes are contained in the anthers, two, commonly, in 
each half (Fig. 140 D p) ; more rarely there is only one, or there 
may be fonr. The pollen is shed by the dehiscence of the anthers, 
nsnally in considerable quantity. The mode of dehiscence of the 
anthers is indicated by their structure ; some, as in EricaceeB, open 
by a circular pore at the apex of each half of the anther, but most 
of them haye a longitudinal slit on the inner side, ue,, the side facing 
the centre of the flower (introrse), or on the outer side (extrorse). 

When the pollen-grain reaches 
the stigma (see the next section), or 
if it is inmiersed in a solution of 
sugar, the intine, or inn^ coat of 
the grain, protrudes one or more 
long tubes, the pollen-tubea (Fig. 
143 s). The spots at which the 
extine, or outer coat, is thus rup- Fi*. i-is.— Poiieu-grain of BpiioiAum 
tnred by the erowinif ceU are '^^^^ f!*> '^'^» . poiiffli-tub.i . 

vuACTu wjr wixw i^xvFTTxu^ */«** ua.%f extine; i intine; a b c the three spoU 
usually indicated beforehand by when the extine ia thinner in aatleipfttion 

some peculiarity of structure such ^' *^« '^f^i?'' ^ '^' poiien.tnbe (sx 

^ ^ '' developed in this case at a. 

as a special thinness, or a lid-like 

development of the extine, and are also definite in number (1, 2, 8, 

4, 6 or more). 

The pollen-grains of some Orchids and a few other plants neyer 
separate but remain united in masses (pollinia) corresponding to 
the several pollen-sacs. 

The Qynoecium or Pistil is always the terminal structure of the 
flower, occupying the apex of the floral axis. Each of its con- 
stituent parts is called a ca/rpel, and in the Angiosperms they form 
the ovaries, which are closed cavities containing the ovules. If in 
a flower where there are several carpels each of them closes by the 
cohesion of its margins, they form so many ovaries ; the gynoecium 
is then said to be apocarpous (Fig. 144 A), e,g,, Ranunculus, 
Pfflonia, and Butomus; if there is only one carpel (Fig. 144 B), the 
pistil is said to be apocarpous and simple ; if several carpels in one 
flower cohere and form a single ovary (Fig. 144 0), the gyncecium 
is said to be syncarpons, e.g,. Poppy and Lily. Intermediate forms 
occur in that the carpels may cohere by their lower ends whilst 
their upper ends remain free (Fig. 144 D). 
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carpel (Fig. 145 ^)9 tbe margins of which cohere on the side 
opposite to the midrihu The side along which the midrib runs is 
the dorsal surface (Fig. 145 A r); opposite to it is the line of 
cohesion, the ventral sntnTe, which rons therefore on the yentral 
surface. The cavity thos enclosed (locidus) is not nsoallj divided 
by dissepiments, but it is a simple cavity, as in the Vetch ; snch an 
orary is said to be unUoevlcMr. False or spnrions dissepiments, formed 
by growths on the inner surface, occur in some few instances, as in 
Astragalus. 






Fio. 14/S.— Traimvene section of ovariei; p placenta. A Monomerons and onilocolar; 
f domal utiture ; h rentral sntare. B Poljrmeroiis and nnilocnlar. CPolymerons and many- 
obambored, but unilocular. P Polymeroua and multilocnlar. 

When, on the other hand, several carpels cohere to form an ovary, 
it \h polfjmeroiM (di-, tri-, or tetra-merons). This may be unilocular 
(Fig. 145 10 when the individual carpels cohere simply by their 
0(1g(m, without any portion of them projecting inwards ; but if the 
margins project into the cavity so as to form longitudinal dissepi- 
mefitfl, tlie ovary is chambered (Fig. 145 0), e.g.. Poppy ; but since 
tho chambers ore open towards the middle, the ovary is still unilo- 
cular. When the margins form dissepiments which meet in the 
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middle, tlie ovary ie muliUocuJar ; sometimes the mai^ins torn 
oatwards again towards the circumference. In these cases the 
individual loonli are completely separated, but there are others in 
which the margins of the carpels do not extend so far towards the 
centre at the upper part as at the lower, bnt the two maigiiiB of 
each carpel simply cohere together above ; conaeqnently the lower 
part of the ovary is polymeroua and multilocular, while the upper 
part is composed of a niunbei* of monomerons ovaries, e.^., Saxifrf^a 
(Fig. 144 D). In all these cases the floral asis may grow up into 
the interior of the cavity of the ovary, and when the ovary is 
lanltilocnlar the asis may coalesce with the dissepiments. 

False dissepiments may be formed in polymeroua ovaries by 
ingrowths from the internal surface of the carpels ; thus the ovary 
of the Boraginega and Labiates is originally bilocnlar, but each 
locnlns becomes divided into two by a false dissepiment, and when 
the fmit is ripe the fonrlocnii separate com 







When the axis grows, aa is nsnally the case, equally in all parts, 
die gyncecinm, being nearest to its apex, is the nppermost part of 
the flower. When this is the case ito insertion is above that of 
the stamens and perianth (Fig. 146 H), and the ovary is said to be 
mperioT and the flower hypogynous, as in Ranuncnlns, Papaver, 
r<iliiiTn, and Primnla. Bnt in a great number of plants the perianth 
and androecinm are raised by the more vigorous growth of a lower 
portion of the axis (as represented by the outer portion of tha 
toms) and stand on a circular rim snrronnding the apex of the axis 
which lies at a lower level. Of this condition two different forms 
occur : — in the one, the carpels are inserted in the depression at the 
Apez of the axis (Fig. 146 P), and there form one or more ovaries 
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wlucHare inyesied bj the raified rim of the axis; they are quite 
free from it, primarilj at least, though thej maj sabfiequeiitlj be. 
come adherent to it ; in such cases, as in the Bose and Apple, tiie 
flower is said to be perigynous : in the other, the carpels spring from 
the npper rim of the cavity which is formed hj the axis itself and 
simplj coyer it in at the top ; such flowers are said to be epigynow^ 
and the orary to be inferioTf e.g.,QoTiTda and IJmbellifer» (Fig. 146 E}. 
Many transitional forms between these two extremes are fonnd. 

The inferior ovary of epigynons flowers is rarely monomerons, 
that is to say, the cavity formed by the axis is bnt seldcnn closed by 
one carpel only ; it is commonly polymerons, bnt it may be either 
nnilocnlar or mnltilocnlar ; in the latter case, the margins of the 
carpels grow down along the internal snrface of the cavity. 

The Style (Figs. 144 and 147) is the slender prolongation of the 
npper part of the carpel : monomerons ovaries have bnt one style, 

polymerons ovaries have as many styles as there are 

carpels; these may cohere thronghont their whole 

length or at their lower parts only, the npper parts 

remaining distinct; or they may remain quite free, 

and they may even branch. The style originally 

arises from the apex of the ovary, bnt it is frequently 

displaced forwards, by the vigorons development of 

the dorsal portion of the carpel, on to the inner side* 

so as to appear to be a prolongation of the floral axis. 

This is conspicnons in the BoraginacesB and LabiatsB, 

where it is surrounded by the four rounded portions 

of the ovary which have been already mentioned 

(Fig. 222). The style is sometimes very short, and 

appears only as a constriction between the ovary 

Fia. 147.— Gy- and the stigma, as in the Poppy. In some rare 

Lily T/ ovary; g cascs it is hoUow, but it is usually filled with a loose 

style; n stiflrma tissue. Called conducting tissue^ through which the 

(uat. • e). pollen-tube can easily penetrate. 

The Stigma (Figs. 144 and 147 n) is the uppermost end of the 
carpel ; it is distinguished by being covered with papillaB, or fre- 
quently with hairs, and by the secretion of a sticky fluid which 
retains the pollen-grains which fall upon it, and which promotes the 
development of the pollen-tubes. The stigma is often evidently 
distinct from the style, appearing as a lobed expansion; in other 
cases it seems to be merely a portion of the style at its end, or 
ometimes on its side. In Papavor it is a sessile disk-shape^d 



expansioti on the npper enrface of the ovary ; more rarelj it is 
ropresented by bands of papillie on the ovary itself, when it is aaiA 
to be pleurogynout. 

The Oeules are always enclosed ia the cavity of the ovary either 
singly or in larger or smaller nnmber. Usnally they may be readily 
seen to be appendages of the carpels (Fig. 148 A, B, 0, E}, bnt in 
many cases they appear to be special organs developed in the cavity 
from the floral axis. However, from oarefnl comparative examina- 
tion, it seems that these apparently axial ovules are to be regarded 




Fia. 118 — Dlagiam ol the dUTersat modM ol PliueaUtlan. A CBTp«l at Hslleboni^ 
opened mlon^ tbe ventre aDtnre ; t the omlee oa (q) the merginal placenta. B TraneretM 
■ectlon of the OTazy of NlootiBJia ; /wellof the OTary; g plaoeata, lar^cel; developed by the 
naioa Ot the morglne oT the carpels (uile plUHotation]. C TiHosTerBe uotloii ot the 
OTuy of Bntomiu. The ovnlei ere ■oatlered over the whole of the inner nrrue, eicept the 
midrib, m (saperflciel placentation). S Lon^tadiual eeotiou ot As 0VU7 of one of the Compo- 
aiue; /(bewail) the aroleM gron fnun (be bueb; the aide of the apex of (he aiia, a. 
E Longltadlnal aection of the OTaryotone ot (be Umbellifem; iDeaob ohaiaberan oTnla 
la auapended. F Longltadinal aeotion ot Bheum i a alngle orale growa at (be apex ot the 
lliml aiia. G LongUndinal aectlaa ol (he 0TU7 ol one -ol (be Primnlaoeee ; Che omlaa 
Ifrow on a prolongation ot the axla [free cendal placentaUon). Fis- lU B repreienta 
parietal placeotation. 

as being originally appendages of the carpels, their position on the 
axis being merely the resolt of a more or leas considerable displace- 
ment dne to the coalescence of the carpels with the axis. That 
portion of the ovary vrhich bears the ovnles is called the placenta. 
In moat cases it obviously belongs to the carpels, and even in oasev 
of free central placentation (Fig. 118 F, d) it probably does, in part 
at least, also (Figs. 145 p, 148 q.) 
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The ovnles borne by the carpels are usually marginal, that is to 
say, the placenta occupies a part or the whole of the longitudinal 
margin of each carpel, and bears either a single ovule or a single 
row (rarely more than one row) of ovules (Figs. 145 p, 148 A q). 
In polymerous ovaries the coherent margins frequently undergo a 
considerable thickening (Fig. 148 B q). The ovules are more 
rarely superficial^ that is to say, borne upon the whole interior sur- 
face of the carpel, the midrib however usually remaining free (Fig. 
148 0). 

The apparently axial ovules are developed sometimes on the floor 
of the cavity of the ovary (Figs. 129 and 146), sometimes at the side 
of the apex of the axis, as in the Gompositaa (Fig. 148 D), some- 
times as prolongations of the axis, as in Piperaceaa and Polygone® 
(Fig. 148 F), sometimes on a placenta developed in the cavity of 
the ovary at the apex of the axisj as in PrimulacesB (Fig. 148 0), 

The direction of the ovule varies ; it may be erect (Fig. 148 D, F), 
or susjpeifided (Fig. 148 JE7), or horizontal (Fig. 148 -4), or ascending. 

The Nectary is a glandular organ which secret-es an odorous or 
usually a sweet fluid much sought after by insects. The nectaries 
are not distinct parts of the flower, but are developed on the other 
organs ; thus in Bheum they occur at the base of the stamens ; in 
the Umbelliferss, as fleshy excrescences on the cai^els ; and in 
Citrus as an outgrowth of the floral axis below the carpels. When 
they have the form of an annular wall or a cushion, they are termed 
discs (e.g.y in Bhamnus). Sometimes, however, certain leaves of 
the flower are greatly altered in form and entirely diverted from 
their prop^ funciions by ,the development of the nectaries ; this 
happens in the GFesneraceas to one of the Ave stamens, to the petals 
of Helleborus and Aquilegia, and to one of the petals of Viola, 
among many instances. 

Relative Position and Number of the parts of the Flower. 8ym^ 
metry of the Flower. The leaves forming the flower, like those borne 
by the vegetative part of the stem, are frequently arranged spirally, 
and the divergence is most commonly -§-, but higher divergences 
also occur, especially in the andrcecium, when numerous small 
organs are inserted upon an expanded axis (e.g., Ranunculus). In 
the spiral or acyclic flower there is either no well-marked distinction 
of the various series, that is, the members of the cal3rx and of the 
-torolla and the stamens are connected by intermediate forms (as in 
N'ymphsaa), or the various series are sharply defined, each series 
taking up one or more turns of the spiral. In the latter case, if 
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kHe divergence is constant, tHe members of snccessive tarns of the 
spiral are superposed^ that is, they lie on the same radii drawn from 
the centre of the flower : this is well seen in many UrticacesB, where 
the members of the perianth and the stamens are arranged in a 
continuous spiral with a divergence of -I, each series taking up two 
turns of the spiral : here the Ave stamens are superposed upon the 
five leaves forming the perianth. 

Many eydic flowers — ^flowers, that is, , the leaves of which are 
arranged in whorls — are very closely related to the latter form of 
acyclic flowers ; this is shown by the fact that these two modes of 
arrangement are exhibited not only by the flowers of closely allied 
plants, but also by flowers of the same species. In this case, instead 
of there being five perianth leaves taking up two turns of a spiral 
with a divergence of f, four or six leaves are present, arranged in 
two whorls consisting of two or three leaves respectively. Since 
the same arrangement exists in the androecium, these two series of 
organs form four regularly alternating whorls, each consisting of 
two or three members. The two whorls of the perianth may be 
differentiated, as in most A^^osperms, into calyx and corolla, or 
they may together form a simple perianth, as in many Mono- 
chlamydesB. 

In other cyclic flowers the alternating whorls consist each of five 
members, and in these cases too, two of the whorls (calyx and co- 
rolla) belong to the perianth, the other two to the androacium. If 
instead of five, only four members are present in each, the calyx 
usually consists of two whorls each of two members, with which 
the whorl of petals alternates. When the perianth is differentiated 
into calyx and corolla and two whorls of stamens-^-*consisting of the 
same number of members — are present, one whorl of stamens is 
opposite to or superposed on the sepals, and the other is superposed 
on the petals. Other less frequent modes of arrangement will be 
treated of in connection with the plaaits in which they occur. 

When cyclic flowers consist of alternating whorls each containing 
the same number of members, they are said to be eucyclic. The 
number of members in a whorl is indicated by the expressions di-, 
tri-, tetra-, penta-merous, etc. ; whorls containing the same number 
of members are said to be isomerous. When the members of a flower 
are Q.rranged, some in whorls (usually in the perianth) and the 
others in a S{Hral (usually in the androecium), the flower is said to 
be hemicyclic. 

These various arrangements, as in the case of the arrangement 
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of the foliage leaves, are most clearly represented by means of 
diagraniB. In a floral diagram, the calyx liefl externally, and the 
gynoecinm, ae being the uppermost aeries or organs (even in epigy- 
Qona flowers), lies most internally. In order to be able readily to 
distinguish the Tarions series, symbols are nsed which recall some 
peculiarity of their form ; thus the mid-rib of the sepals is indicated^ 
and iu the case of the stamens, the anthers. 

If only snch relations of position as can be observed in a Sower 
are indicated in the digram, a simple empirical diagram is the 
result. If, however, the results of the investigation of the develop- 
ment of the Sower and of the comparison of it with others be borne 
in mind, a general plan of arrangement will be detected, and the 
individnal pecnliarities of arrangement, qnite apart from any varia- 
tion in the form of the organs, will be seen to be due either to the 
suppression of one or more whorls or of one or more members of a 
whorl, or, more rarely, to a mnltiplication of the whorls or of their 
members. If, however, the organs which are absent, bnt which 
shonld be typically present, bo indicated in the empirical diagram 
by dots, it becomes a theoretical diagram. In this way it is possible 
to arrive at general types on which large nnmbera of flowers are 




constructed. Fig. 149, for instance, is the empirical diagram of the 
flower of the Lily, and it is at the same time the type on which the 
flower of Grasses (Fig. 150) is constmcted in which certain oi^ans 



Under the head of mnltiplication of parte, reduplication or pleto- 
met-y — that is, the formation of two members in a whorl in place of 
one (Fig- 151)— mnst be especially considered. This is the resnlt 
either of the branching of a member at an early stage, or of the 
original development of two members in the place of one. 

The regular alternation of the whorls (especially when they 
consist of fonr or five members) in euoyclic Sowers is often disturbed 
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by & diaplaoement of snch a natore that the inner staminal whorl, 
which is normally enperposed on the petals, and altematex with the 
8epalB, comes to lie in the same plane aa the outer whorl, or even 
externally to it (Fig. 152). • 

Hitherto nothing has been said as to the 
arrangement of the gynoecinm in the flower, for 
it does not stand in such simple relationa with 
the other series of members as they do to eaoh 
other. Very frequently the nnmber of carpels 
is smaller than that of the members of the other 
series, and in snch a case their arrangement ia *"'*■ >*^-F'"»' '>'»- 

... , Tr^, . . f gmm of Dictamnoi ; the 

quite irregular. If the gynoecium is isomerous „pper (internKl) whorl of 
with the calyx, corolla, and andrcBcium, the «iammiB(Bh»ded)hMb«en 
carpels usually alternate with the inner whorl betweenth^oftiwi^^w 
of stamens, as in most Monocotyledons (Fig. Caitaraa!) whorl: iho ear- 
149). Whm the .bOTe-mentioned di.plr>c.. JIJ:"^ "iX "' 
meat ocoura in the andrceolnm, the carpels mperposodoniheeKunmu 
sometimes alternate with the actually internal o"'"''™™ "''"'- 
whorl of stamens, sometimes with the whorl which was primarily 
internal. 

The number and the relations of the different parts of the flower 
maybe indicated notby diagrams only,bnt also by formu]8e,in which, 
as in the diagrams, for the sake of clearness, all the peculiarities of 
development are overlooked. Thus the diagram (Fig. 149) may be 
expressed by the formula SB, 03, .-43 + 3, 0^, which means that 
the calyx K, and the corolla 0, each consist of a single whorl of three 
members, the audroecium of two whorls each of three members, and 
the gyncecium of one whorl of three members, all in regular alierna- 
tiou. When one whorl is superposed on aJiother, the superposition is 
indicated in the formula by a line | between the whorls. If 
the number of members in any whorl is variable, the letter n is used 
instead of a number. Thus, for instance, Kn, Go, Aa + n, On is the 
theoretical formula of most Monocotyledons. The absence of a whorl 
is expressed by a cypher 0, and of individual niembers by the nnmber 
of those actually present. Thus the formnla for the flower of a Grass 
(Fig. 150) is £0, 02,-13 + 0, 0^2. The bracket in which the 
number of the carpels of the gyncecium Q is here enclosed, indicates 
that the members thoB bracketted are coherent. Superior and 
inferior ovaries are indicated by a stroke below or above the 
corresponding figure, and reduplication by the exponent 2 ; thus 
the diagram (Fig. 151) ia represeutod by the formnla K2 -f 2, 
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0x4, -42 + 2*, 0^, the x after indicating that the position 
of the petals is diagonal, i.e., that the four petals alternate with 
the four sepals, as if the latter all belonged to the same whorl. 
Staminodia may be distinguished by a f before the figure. The 
position of the carpels in those cases in which the above-mentioned 
displacements of the stamens have occnrred is indicated by a | 
placed before the number, which means that they are superposed 
on the petals. When the perianth is not differentiated into calyx 
and corolla, it is expressed by the letter P ; thus, the formula for 
fche flower of Asarum is PS A6 + 6, 0-(^. 

The relations of position between the floral organs and the leaves 
which precede them yet remain to be considered. These can be 
tnost readily made out in the case of a lateral flower ; of a flower, 
that is, the axis (peduncle) of which springs from the axil of one 
of the leaves of the main stem', and bears no leaves except the 
bracteoles and the floral organs themselves. A plane which passes 
through the flower, and also through the main stem and the median 
line of the subtending leaf (bract), is termed the median plane or 
section of the flower ; the plane which cuts this one at right angles 
is termed the lateral plane or section ; and the plane which bisects 
the angles made by the median and lateral planes is the diagonal 
plane or section. By means of these expressions the positions of 
the parts of a flower may be accurately indicated ; thus, in speak- 
ing of the flower of the Cruciferae (Fig. 151), the external whorl 
of sepals lies in the median plane, the carpels in the lateral, the 
petals in the diagonal. In all floral diagrams the position of the 
main axis should be indicated by a dot placed above the diagram ; 
the bract, which would be of course exactly opposite to it, need 
not be indicated. The side towards the main axis is said to be 
poste^'ior, and that towards the subtending leaf, anterior. 

Many flowers, most Monocotyledons for instance, have only one 
bracteole (prophyllum), which is nearly always placed opposite to 
the bract, that is, posteriorly to the flower. When this is the case, 
a leaf of the trimerous calyx is placed anteriorly. 

If two lateral bracteoles are present (usually indicated as a 
and P)f as is the case in most Dicotyledons, the sepals, if the calyx 
is dimerous, are median ; if the calyx is trimerous or pentamerous 
(whether it be whorled or spiral), one sepal is median and posterior. 

It is obvious that such a flower as that represented in Fig. 153 
can be divided into two symmetrical halves, resembling each other 
as an object and its reflected image, in one plane only, and that a 
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rertical plane. In. this case this plane coincsides witli the median 
plane of the flower. 

Floweta which can be divided, like the one in Kg. 153, into two 
symmetrical halves in one 
plane only (which may or 
may not coincide with the 
median plane) are said to be 
mortosymmetrictd or eygomor- 
phio, and in systematic works 
they are termed irregular. 
If & flower can be symmetri- 
cally divided in more than 
one plane, it is said to be 
polygymmetrical. In snch 
flriwers two cases may occnr : 
ia the one, the flower is re- 
gular or aelinomorpkie, that 
is, the halves prodnced by all 
possible sections are similar, j.„_ i«,_no«Br ol 
or in other words, the flower motpbioCoToli»(m*e.;. 

may be divided into a nnmber of similar sectors (see the diagrams, 
Figs. 149 and 152) ; in the other, the halves prodnced by one 
section are nnlike those produced by another, and snch flowers 
also are said to be zygomorphio or irregular. Those flowers are 
said to be aijfmmetrieal which cannot ha symmetrically divided by 
any section whatever. 

These expressions apply as well to the relations of position and 
onmber as indicated in floral diagrams, as to the form of the perfect 
flower. It frequently happens that a flower which is more or less 
regular at its first appearance, sabseqnently becomes zygomorphic, 
as in Dictamnns and in the L^nminosea and Labiatte ; spiral 
Sowers also, the dit^rams of which do not indicate any sntib 
condition, often assume a zygomorphio form, as in Aconitnm. The 
zygomorphic symmetry of a flower is indicated in its floral formula 
by symbols J when the plane of symmetry coincides with the 
median plane the symbol \|/ is used, and when it coincides with the 
lateral plane the symbol ^. 

Actinomorphio flowers sometimes occur abnormally, more espe- 
cially near the extremity of the axis of inflorescence, in plants the 
flowers of which are normally aygomorphio. Snch flowers are 
saidtobeyeZorio. 
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' Pollination, It is essential, as a preliminary to fertilisation, that 
the pollen should be conveyed to the stigma. In a great nnmber 
of hermaphrodite flowers, particularly snch as are small and incon- 
spicnons, the pollen is conveyed to the stigma of the same flower 
by very simple means; in some cases the pollen falls on to the 
stigma which lies at a lower level than the anthers, in others the 
close juxtaposition of the organs allows of its immediate transfer 
to the stigma so soon as the anthers open. In certain cases flowers 
are so modified as to ensure this self-fertilisation ; instances of this 
are found in species of Viola, Lamium amplexicaule, Oxalis Acetosella, 
and others ; these plants bear, in addition to their ordinary flowers, 
others which have an inconspicuous perianth which does not open ; 
on account of their peculiar structure these flowers are said to be 
cleistogamotcs. In all these cases fertilisation is perfectly effected 
by the pollen of the same flower. It is, however, self-evident 
that, when flowers are diclinous, the pollen must be conveyed to 
the stigma of one flower from another ; and it is now known that 
in a vast number of hermaphrodite flowers also, pollination is 
commonly effected by the transfer of pollen from one flower to 
another (cross-fertilisation). The conveyance of the pollen is 
effected in the case of a number of plants with inconspicuous 
flowers, such as the different Cereals, by the agency of the wind, 
when they are said to be aneniophilous ; but in the case of such 
flowers as are conspicuous by their size, colour, perfume, and 
by their copious secretion of honey, the insects which visit the 
flowers for the sake of the honey, as well as to gather pollen for 
food, perform this important function ; these flowers are said to be 
entomophilotis. In some of these cases it has been demonstrated that 
it is only the pollen of other flowers which can effect fertilisation, 
that the pollen of the flower itself is useless, or even injurious, and 
that consequently cross-fertilisation is indispensable. In other 
caSses the pollen of the same flower, though not absolutely useless, 
has far less fertilising power than that of another flower ; under 
these circumstances cross-fertilisation is advantageous. In other 
cases again, the pollen of the flower itself has as powerful a fertilis- 
ing effect as the pollen of other flowers, but the superiority of 
cross-fertilisation is shown by the greater vigour of the progeny 
which are the issue of the crossing of two individuals. 

In those flowers to which cross-fertilisation is indispensable or at 
least important, the most various contrivances are exhibited for the 
purpose of hindering or limiting self -fertilisation on the one hand^ 
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and on the other of facilitating cross-fertilisation, or finally, in 
defanlt of cross- fertilisation, of ensuring nltimate self- fertilisation ; 
this last, of course, only in those cases in which the pollen of the 
flower itself is capable of fertilising it ; for it is evident that self- 
fertilisation, even if not very advantageous, is at any rate of some 
use to the plant. 

Among the contrivances for the prevention of self-fertilisation, one 
of the simplest is the arrangement of the anthers and stigma in 
such positions that the pollen cannot possibly reach the stigma of 
the same flower, e.^., Aristolochia (Fig. 154), or secondly, the abor- 
tion of all the male organs in some flowers and of all the female 
organs in others ; in such flowers the organs in question are present, 
but they are not functional. This is an approach to the diclinous 
condition; it occurs in the Tiger-lily, in which the anthers are 
commonly abortive in some flowers and the ovaries in others. 
Thirdly, dichogamy frequently occurs, that is, that the stigmas and 
stamens attain their functional activity at different times ; flowers 
in which this occurs are either protandrousy that is, the anthers are 
first developed and have already shed their pollen when the stigma 
of the same flower is capable of receiving it, or they sre protogynous^ 
that is, the stigma is fully developed before the anthers of the same 
flower are ready to shed their pollen : in the latter case self-fer- 
tilisation is obviously only excluded if the stigma is withered before 
the pollen is shed ; there are, however, protogynous flowers in which 
the stigma remains fresh for a long time and which may be fer- 
tilised by their own pollen. As examples of protandrous flowers, 
those of the Umbellifera?) and most of the CompositaB, Lobeliaceae, 
and CampanulacesB may be mentioned ; and of protogynous flowers, 
Aristolochia, Arum, Scrophularia nodostty and some species of Plan- 
tago, but this condition is less common than the preceding. 

Among the contrivances which lead to the cross-fertilisation of 
flowers by the agency of insects, the means of tempting insects to 
visit the flowers, such as bright colours, odours, and the secretion 
of honey, must be first mentioned. The peculiar marking of the 
flower serves in many cases the purpose of guiding insects to the 
nectary. The form of the flower, the situation of the honey, the 
position of the stamens, and their relation to the other parts of the 
flower, particxdarly to the stigma, the relative development in point 
of time of the different parts, all these circumstances combine and 
co-operate to secure cross-fertilisation, and sometimes to allow of 
the visits of particular insects only, as, for instance, of butterflies 
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with long probosces, though there are also cases in which the insects 
must occasionally convey the pollen to the stigma of the same flower. 
A simple arrangement of this kind, known as heterosiylism or di' 
morphism, and which occurs in the Primulaceee, Pulmonarieee, and 
others, may be mentioned here. These plants have two kinds of 
flowers ; in one form the stamens are short and the style much 
longer, so that the stigma projects above the anthers ; in the other 
form, on the contrary, the anthers are on long filaments above the 
stigma, and they are so constructed that the anthers of one form 
stand on the same level as the stigma of the other (Fig. 226). 
From the position of the nectary, and the form of the rest of the 
flower, an insect visiting it is obliged to take up the same position 
at each visit ; consequently after it has visited a flower of the one 
kind, when it visits a flower of the other kind, it touches the stigma 
of the latter with the same part of its body with which in the first 
flower it brushed the anthers, and thus the pollen which it carried 
away with it from the anthers of the one flower is transferred to 
the stigma of the other. Observations made by artificially trans- 
porting the pollen have shown that fertilisation is most complete 
when the pollen of stamens of a certain length is conveyed to the 
stigma of a style of the same length. The same is the case with 
trimorphic plants, e,g,, Oxalis : in these, three forms of flowers occur 
with three different lengths of styles and stamens. 

As examples of more complicated contrivances for the purpose 
of securing cross-fertilisation, Aristolochia and Epipactis may be 
described. 

The flower of Aristolochia Clematitis (Fig. 154) is protogynous ; 
insects can penetrate without difficulty down the tube of the 
perianth, which is furnished on its internal aspect with hairs which 
point downwards, and they thus convey the pollen they have 
brought with them from other flowers, to the stigma ; the hairs, 
however, prevent their return. When the pollen has reached the 
stigma, its lobes (Fig. 164 A and B n) spring upwards, and thus 
the anthers, which now begin to open, are made accessible to the 
insects ; these, in their efEorts to escape (Fig. 154 Z), creep round 
the anthers, and some of the pollen adheres to them ; by this time 
the hairs in the tube have withered, and the insect escapes, dusted 
over with pollen which, in spite of experience, it proceeds to convey 
in like manner to another flower. Those flowers which are ready 
for fertilisation have an erect position, and the tube of the perianth 
\b open above so that ihe insect can readily enter ; after fertilisation 
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the pednnole bends downwards and the tabe is closed by the broad 
lobe of the perianth, so that it is impossible for insects to enter 
flowers which have been fertilised. 

In the flower of Epipactis (one of the Orehidace»), the anther ia 
situated above the stigma and does not shed its pollen in isolated 
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aotbenj lanliueet; l/orar^. (After Baaha.) Saehi.) 

grains ; but when a certain sticky portion of the stigma, known as 
the rostellum (Fig. 155 A), is tonched, the entire pollen>sac8, together 
with the roatellnm itself, are carried away. The insect creeps into 
the flower to obtain the honey which is secreted in the cavity of 
one of the leaves of the perianth, the Ic^eUum (Fig. 155 I), and, as 
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it withdraws from the flower, it carries away the rostellnm with 
the pollen- masses (pollinia). (In F^. 155 the point of a, pencil b 
has been introdaced into the flower and the rostellnm has adhered 
to it.) The insect, on entering the next flower, deposits the pollen 
npon the stigma. 

In the conrse of freqnent cross-fertilisation it is inevitable that 
the pollen of other species of plants shonld be applied to the stigma, 
bnt while the pollen of plants of very different species is wholly 
withont effect, that of nearly allied species, particnlarty those 
belonging to the same genns in certain groaps, has a fertilising 
effect ; the resnlt of snch fertilisation is hybridieaticm, that is, the 
development of a plant which combines the characters of both 
parents to a certain extent, and which is known as a bastard or 
hybrid. Hybrids are for the most part sterile among themselves, 
bnt are often fertile when crossed again with a plant of either of 
the parent- species or of some allied species. While hybrids are 
produced with great ease in 
certain genera, as Salix and 
Cirsinm, in others the arti- 
ficial production of hybrids 
has never yet been found 
possible even between very 
closely allied species, aa the 
Apple and Pear. 

Ferlilitalian. After reach- 
ing the stigma the pollen- 
grains protrnde the poUen- 
J^: "W-D*^™"" of " ovoi. rfiorti, ritor t^ijea ^ijpi, penetrate 

remU»«tiOQ : a outer, and > iniiBr Integnmeiit I / , _, , . . i 

funlela; k nooellne. S Embr7o-»o in vUcbB it throtigh the tissne of the 

ibeembrjoaaYeioiMa from the teniilMdiKHphBro. gtyle into the cavity of the 

The «BC •tao oontaira tbs endoapsrm-rolla which nre j j... i. l 

lHiiig[onnedbyft«oBU.tormMlon. PThepoUen. f^^^t and throngh the 
tabe,p»8«iDgthroiightiiemior(Trie,n. micropyle of each ovale to 

its nncellns (Fig. 156 F n). The time required by the pollen-tnbe 
for this process depends partly on its distance from the ovnle and 
partly on the specific pecnliarities of the plant ; thns the poUen-tabe 
of the Crocus takes only from one to three days to traverse the 
style which is from five to ten centimetres in length ; but in the 
Orchids, where the length of the style varies from two to three 
millimetres, several days, weeks, or even months are needed, and 
it is during this process that the ovules are formed in the ovary. 
In the Angiospemu the embryo-sao always hee at the anterior 
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fend of the nncelltLS, and it sometimes projects from the micropyle. 
It usually contains three cells at its posterior and three at its 
anterior end ; the former are the antipodal cells, the latter are the 
oosphere with its two sister-cells the synergidas. The oosphere be- 
comes fertilised, and, in consequence of fertilisation, it becomes 
surrounded by a cell-wall, and elongates to form the svspenaor, at 
the posterior end of which the embryo is developed (Fig. 166 E), 
Meanwhile the rest of the sac becomes filled with endosperm ; this 
is usually first formed by free cell-formation, but in many cases 
it arises by the division of the embryo-sac. Thus the ovule becomes 
converted into the seed. 

In the endosperm the nutritious substances which will be needed 
by the young plant when it germinates, are stored up. In many 
seeds the whole or the greater part of the endosperm; is absorbed 
by the growing embryo ; in that case the nutritious substances are 
deposited either in the persistent and increasing tissue of the nucellus 
(as in Canna and Piper, Fig. 157 B P), which is called the peri- 
spemVf or in the germ itself, 
in its cotyledons^ which at- 
tain a considerable size (as 
in Bean, Horse-chestnut, 
and Almond, Fig. 157 0). 

The Fruit, The effect 
of fertilisation is not 

manifested only in the allowing E endosperm. B Piper, showing both endo- 

*' sperm, £ and perisperm, P. C Almond, devoid of 

formation of the embryo endosperm; » the testa; e embryo; io its radicle; 

from the oosphere and of * * ^*» cotyledons. 

the seed from the ovule ; but it extends to the whole of the gynoe- 

cium, and occasionally even to other parts of the flower. 

The word fruit, in its strictest sense, means the whole product of 
the development of the gynoecium as a resxdt of fertilisation. If 
other parts of the flower take part in the formation of the organ 
which is formed in consequence of fertilisation, and which contains 
the seed (of what, in short, is commonly called the fruit), it is 
termed a spurious fruit. The apple, for instance, is such a spurious 
fruit, for the outer fleshy part belongs to that part of the axis of 
the perigynous flower which surrounds the ovaries and which still 
bears the sepals (Fig. 245 D). What are called the pips of the 
apple are the seeds. This kind of spurious fruit is termed a pome. 
The strawberry also is a spurious fruit : in it the receptacle, which 
belongs of course to the axis, developes largely and becomes fleshy 





Fio. 167. — Sections of ripe seeds. A Nux vomica. 



206 



PART IT. — THE CLiBSIFICATION OF PLANTS. 



and bears &s true fmita (achenes) in the form, of email hard 
grains. The fig; is another example of a spnrions fmit (Fig. 194) ; 
it is in fact a fleshy receptacle (t.e., an axis) which bears a mtiltitnde 
of distinct Sowers situated inside the cavity of the receptacle, and 
the individual fmits appear as hard grains ; such a fmit is termed 
a syeonus. Again, when the ovaries and floral envelopes of closely 
crowded Bowers, as in the Mnlberry and the Pine-apple, become 
snccnlent, a kind of spnrions fmit is formed which is termed a 



In other cases, a hnsk, called the cupula is formed, which contri- 
bntes to the formation of a sparions frnit : this is formed of leaves 
and is not developed until after fertilisation ; it may surround either 
a solitary distinct fmit, like 
the acora-cup (Fig. 211), or 
several distinct fmits, like the 
four-valved spiky hnsk of the 
Beech-tree or the prickly 
husk of the edible Chestnut. 

When the fmit consists of 
one or more monomerous 
ovaries, it is said to be apo^ 
carpous ; examples of this 
occur in BanuncatuG, in the 
Raspberry, where the indi- 
vidnal ovaries are succulent, 
and in the Star-anise (Fig. 
158). The individual fruits 
may be developed in very 
rhwt different ways ; they may be 
'>' dehiscent or indehiscent, dry 
or sacoulent. 

When the fruit oonsiate of a single polymerons ovary, it is said 
to be lyncarpmt*. When the loculi of such a fmit separate from 
each other during the process of ripening, so that it nitimately 
appears as if a number of distinct fruits were present, it is termed 
a seliieocarp ; when two only are present, each of these is termed 
a meriearp, as in the TJmbelliferw (Fig. 169) ; in the Qeraniacee, 
where there are several distinct fmits, eaeh is termed a eoeaus ; and 
in the Maple each fmit is winged, and is termed a samara. Tha 
individual cocci are always indehiscent. 

In various multiloonlar orariea only one loOnlns beoonin fully 
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developed and bears aeeda, as in Valerian and the Oat ; the others 
are abortive. It happens in rare cases that the fruit becomes per- 
fectly formed withont any development of seed or embiyo, as in a 
particular semllesB variety of Grape. 

In all true fruits the wall of the ovary forms the pericarp or 
rind; this usually consists of three distmct layers; the external 
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layer is the epiearp, the middle the meaoearp, and the innermost the 
endoearp. The following varieties of trae &iiita have beea distjn- 
gnished by the peculiarities of these three layers of their walls — 
whether they are dry or snocnlent, hard or soft, — and bj the mode 
in which the fmit opens to allow the seed to escape. 

A. Dbt Fbuits. The pericarp is woody or coriaceons ; the sap 
has nsnally disappeared from all the celts. 

L Dnj IndehUoent Fruitt, The pericarp does not mptnre, but 
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encloses the seed xintil germination ; the testa is usually thin and 
frequently coalescent with the pericarp. 

(1) One-seeded fruits : 

(a) The nut (glans), e.g., hazel-nut (but not the walnut) ; the 

dry pericarp is hard and sclerenchymatous. 

(b) The acJiene (superior) : the pericarp is thin and coriaceous ; 

e.g., the Bose and the Buttercup. The similar fruit 
of the Compositea is a cypsela (inferior). 

The fruit of Grasses, termed a caryopsiSy is very similar to 
the achene ; it differs from it in that the testa and the pericarp 
closely adhere, whereas in the achene they are not adherent. 

(2) Many-seeded fruits (jschizocarps) : these commonly split into 
one-seeded fruits, which usually enclose the solitary seeds until ger- 
mination, e.g., the UmbeUiferea (Fig. 159), Geraniacese and Maple. 

II. Dry Dehiscent Fruits, The pericarp ruptures and allows the 
seeds to escape ; the testa is usually firm and thick ; they are com- 
monly many- seeded. 

(1) Dehiscence longitudinal. 

(a) ThG follicle, consisting of a single carpel which opens 
along the ventral suture, where also the seeds are 
borne, e.g.^ Paeonia and Illicium (Fig. 158). 
(fi) The legume or pod likewise consists of but one carpel 
which opens along both the dorsal and ventral sutures 
(Fig. 160 A, transverse section Fig. 145 A) : e.g., the 
Vetch, Pea, Bean, and many other Leguminosse ; in 
some cases (Astragalus) a spurious dissepiment 
occurs 

The lomentum is a modification of the legame ; it is con- 
stricted between the seeds, and it is either indehiscent or it 
breaks across, when ripe, at the constricted parts. It occurs in 
the HedysaresB. 

(c) The siligua consists of two carpels. The two carpels 

when ripe separate from the base upwards into two 
valves, leaving the spurious dissepiment (jeplum) 
which remains attached to the apex of the peduncle, 
and to the margins of which the parietal placentas 
are attached; 6.^.,. Rape, Mustard, and most of the 
CrucifersB (Fig. 160 G). 

When the siliqua is short and broad, it is termed a iilicula^ 
as in Thlaspi and Capsella. In some cases, as in the Badisli, 



GROUP .IV. — PHANEROGAMS. 



209 



the siliqaa is jointed and indehiscent, breaking transversely into 
one- seeded portions. It resembles the lomentnm, and is there- 
fore said to be lomentaecous, 

(d) The capsule is derived from a polymerons ovary which 
may be Tmi- or multilocular ; it splits into two or more 
valves, either for a short distance only from the apex 
downwards, or down to the very base (Fig. 160 B). 
If the carpels become separated from each other, and 
in the case of mnltilocular ovaries this involves the 
splitting of the dissepiments (Fig. 161 A), the dehis- 
cence is said to be septicidal ; if, on the otber hand, 
each carpel splits along its dorsal suture, the dehis- 
cence is said to be loculicidal (Fig. 161 B), In 
multilocular ovaries the dissepiments may be per- 
sistent and remain either attached to the middle of 
the valves (Fig. 
161 B)j or united A 

into a column 
which is free 
from the valves ; 
in the latter case 
the dehiscence is 
said to be septU 
fragaX (Fig. 161 
C). 

The capsule Is 
Qsaally superior, but 
sometimes, as iu 
IridaceaB and C,am- 
panulaceaB, it is inferior ; a special term, diplotegiuntt is applied 
to the inferior eapsule by some authors. 




Fio. 161.— Diagrammatioeections of dehiscent 
capsules. A Septicidal, B loculicidal, C septi- 
fragal dehiscence. 



(2) The form of capsule known as &pyxidium has a transverse 
dehiscence, e,g,^ in Plantago, Anagallis, Hyoscyamus (Fig. 160 E) ; 
the upper part falls o£E like U lid. 

(3) The porous . capsule, e.g., the Poppy (Fig. 160 D), sheds its 
seeds through small holes arising from the removal of small por- 
tions of the wall in certain spots. 

B. Succulent Fruits. In these the pericarp --(or at least some 
layers of it) retains its sap until it is ripe, and usually becomes 
fleshy at that stage ; it is indehiscent. 

(1) The drupe (Fig. 162), e.g., the Plum, Cherry, and Walnut. 

p 
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The most internal layer, the endocarp, is very hard and scleronchy- 
mittons (Fig. 162 E), and encloses the seed until germination ; the 
mesocarp is generally snccnlent, and the epi- 
carp is a delicate membrane. 

(2) The berry (baeea) ; the endocarp is 
soft and jnicy as well as the mesocarp, so 
thai the seeds are imbedded in the pericarp : 
there may be one seed only, as in the Date, 
or many, as in the Gonrd, Cnrraat, and 
Grape : the fruit m.ay have one locnlns, as in 
the Grape and the Gonrd, or several locnli, as 
m the Orange ; and further, it may be bq- 
Fi6. i«.~ liuaitudioBi perior, as in the Grape, Orange, and Lemon, 

wction ol the drape of lli« - ■ - ■ j.j_ n i j.i. /^ i. _ 

Atmond: 1 Om teed at- ^"^ inferior, as in the Onrrant, the Croosebeny, 

tacbed by ihs fanicle (/); and the Gonrd. 

.k'"*^ __*°.'"^'^\i." The seeds of dehiscent fruits are neually 

th« mesocarp ; ana m tbe «* 

epi«rp->aie>a oonsutaM provided with various contrivanbes to ensure 
the pericarp (p). jj^gj^ dispersion; in the case of indehiecent 

fruits, the £rnit itself is thus provided : of this natnre are the 
wing-like appendages of the fruit of the Maple and of the seeds of 
many.Caryophyllaceons plants, the hairs npon the^froit of the Com- 
posite, and npon the seeds of the Cotton, the Willow, and the Poplar. 
The coats of many fruits and seeds have layers of cells which be-, 
oome extremely mucilaginous, e.g., the Quince, the Flax (linseed), and 
the Plantain. The fruits of Geranihm and allied genera have long 
beaks, by means of which they bury themselves in the soil. 

Some seeds begin to germinate as soon as they are shed, but for 
the most part a period of rest is requisite ; if this is too mnch 
prolonged, they lose their germinatii^ power. 

The InJUyrescenee. It is only in comparatively few plants that 
the first or main axis terminates in a flower ; snch plants are said 
to be uniaxial : it is not usually till the second or third branch, or 
one of even a higher order is developed, that a flower is produced ; 
such plants are said to be bi-, tri-, or poly-axiai. 

The floral axis of Angiosperms frequently forms an elaborate 
branch-system which is usually sharply defined from the vegetative 
part of the plant, and which bears no leafy structures beyond those 
of the flower except braets. This is known as the injloreecenee. 

In the inflorescence, as nsnally in all parts of Angiosperms, 
the branching is almost always monopodial and axillary. Some 
apparent exceptions may be easily reduced to this type ; thus, in the 



GROUP IV. — PHANEROGAMS. 211 

racemes of most of the Cruciferea the bracts at the bases of the 
individual pedicels are abortive, and the same occurs in many 
of the CompositaB ; in the Solanacese and Boragineaa the bract often 
undergoes displacement, so that it appears to be inserted laterally 
upon the axillary shoot ; on the other hand, it sometimes occurs that 
the axillary shoot is for some distance adherent to the main shoot. 

A long flower-stalk with no leaves or with only a few small bracts, 
which bears at its upper end a crowded or a sharply defined inflor- 
escence, is called a scape. 

In accordance with the principles of branching already laid down 
on page 20, the different forms of inflorescence may be classified as 
follows : 

A. Racemose inflorescences: consisting of a main axis or rachis 
bearing a number of lateral branches which have been developed 
in acropetal succession; the lateral shoots do not usually grow 
longer than that portion of the main axis which lies above their 
insertion. It is immaterial whether or not the main axis termin- 
ates in a flower. If the lateral shoots of the first order — t.e., those 
which spring directly from the main axis of the inflorescence — ter- 
minate in a flower without any further ramification, the inflorescence 
is said to be simple, but if they branch it is said to be compound, 

I. Simple racemose inflorescences : 

(a) With an elongated axis : the lateral shoots, which are the 
pedicels, spring from the axis at some distance from each other. The 
three following forms may be distinguished : 

(1) The spike, in which the flowers are sessile on the floral axis, 
or have very short pedicels (Fig. 163 A) ; e.g., the inflorescence of 
the Plantain (Plantago). 

The small spikes of the Qlomales are termed tpikelets (Fig. 171)« 

(2) The spadix, which differs from the spike only in having a 
thick and fleshy axis ; a large bract forming a sheath, called a spathe, 
commonly grows at the base of the inflorescence and envelopes it 
more or less ; e.g.^ Arum and Bichardia. 

(3) The raceme, in which the flowers have long pedicels of nearly 
equal length; e.g., the Cruciferas, as the Badish, Cabbage, etc.; in 
these the bracts of the individual flowers are not developed ; also 
Berberis and others, but not the Ghrape-vine (below No. 7). 

()3) With a short axis ; the flowers are set closely together on the 
short or flattened main axis. 

(4) The capitulum (head) in which the short main axis is conical 
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or disc-shaped or even hollowed out, and is closely covered with 
sessile flowers (Fig. 163 D); e.^.» the CompositeD, as Dandelion, 
Sunflower ; also the Scabious. The bracteoles (pale») of the indi- 
vidual flowers (Fig. 163 Dp) are sometimes wanting ; but the whole 
head is surrounded at the base by a number of bracts forming an 
involtiere (Fig. 163 D c) which gives the inflorescence the appearance 
of being one flower. 

(5) The umhdy composed of a large number of flowers with long 

pedicels which 

spring together 

J ^^~^^ ^^^^!/ ^^^ from a very 

> ^ °^4 \ Ji / x^)>> \? « 'iJ^ short axis which 

commonly ter- 
minates in a 
flower (Fig. 163 
G d) ; e.^., the 
XJmbellif ersB and 
the Ivy. The 
bracts of the 
separate pedi- 
cels forming the 
rays axe usually 
present in diminished number ; they form an involucre. 

II. Oomjpound racemose inflorescences are formed when the lateral 
shoots which bear the flowers as described above are again branched, 
or, in other words, when inflorescences of the types above enume- 
rated are united to form a larger inflorescence ; for instance, when 
several capitula are arranged on the main axis in the same way as 
the flowers of a raceme. The same terms are applied to the first 
ramification of the compound inflorescence as to the simple ones 
described above ; the above-mentioned example, for instance, is a 
raceme of capitula, and is termed a capitulate raceme. Compound 
inflorescences may be classified as follows : 

(a) Homogeneously compound; in these the branches of the first 
and second (or higher) orders are of the same character. 

(6) The compound spike; in this form many simple spikes are 
arranged on the main axis of the inflorescence in the same way as 
the flowers in a simple spike, or, in other words, the main axis of 
the spike gives rise to secondary spikes instead of to single flowers ; 
€.g,f the inflorescence of Wheat, Rye, etc. 

(7) The compound raceme; in this case smaller racemes grow on 



Fie. 163.— Diagrams of the \ arieties of racemose inflorescences. 
A Spike. B Compound raceme. C Compound umbel; d rays 
of the umbel; i involucre; d^ secondary rays of the nmbellul»; 
%i involucel. X> A capitulnm ; i involucre ; h flower ; p palete. 
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tlie main axis of the raceme ; the ramification is in many cases 
still further repeated in such a way that it is more complex at the 
base of the primary raceme than towards the apex ; e.^., the Grape- 
vine (Fig. 163 B). 

(8) The compound umbd (Fig. 163 0). This is far more common 
than a simple umbel, and is in fact usually called an umbel ; the 
separate simple umbels (Fig. 163 d) are then called umhellules 
and their respective involucres are involricels. 

(p) Keterogeneously compound inflorescences; in these the branches 
of the different orders are dissimilar. In consequence of this so 
many complicated forms arise that it is impossible to enumerate and 
name all the combinations. As examples, the following will only 
be mentioned : the capitulate raceme^ which consists of a number of 
capitula arranged in a raceme ; it occurs in many of the Compositsd 
e.g., Petasites : the spicate eapitulum^ which consists of several 
spikes forming a capituluni) as in the Scirpesd : the spicate raceme 
which occurs in many Grasses, in which the last branches of a 
compound raceme are spikes. 

B. Gymose inflorescences. The main axis, which terminates in a 
flower, produces below its apex one or a few lateral branches^rarely 
several — ^which also teiminate in flowers, but grow more vigorously 
than the main axis and repeat the same type of ramification. 

I. In the simple cyme the ramification ii| the secondary and 
higher orders follows the same type. 

(a) Without a pseud-azis (see page 20). 

(9) The cyme : beneath the terminal flower spring several — -three 
or more — ^lateral shoots of equal vigour, e.g,, many Euphorbiaa 
This inflorescence greatly resembles the true umbel, and in fact 
cannot be distinguished from a true umbel which has a terminal 
flower. The identification of an inflorescence as belonging to the 
cymose type depends in many cases on the fact that in the higher 
orders of branching the cymes are reduced to dichasia. 

(10) The dichasium (Figs. 18 and 19 0) consists of only two 
equal lateral shoots arising at the same level below the terminal 
flower, and branching in a similar manner. The successive false 
dichotomies commonly decussate ; e.g., Valerianella and the weaker 
inflorescences of many Euphorbia. 

(P) With a pseud-axis, 

(11) The helicoid cyme (bostryx) : the lateral branches of the 
successive ramifications always occur on the same side (Fig. 19 D) : 
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this is frequently found in Monocotyledons, such as Hemerocallis, 
Omithogalum, Alstroemeria. 

(12) The scorpioid cyme (cicinnus) : in this the lateral branches 
occur alternately on opposite sides (Fig. 19 A and B). 

Becent researches have shown, however, that in many cases (various Solanacea 
and Boragineaa) the so-called scorpioid cymes are monopodia! ; the axi^ is 
therefore not a pseud-axis but a true one, and the inflorescence must be regarded 
as a unilateral raceme. 

II. Compound cymose inflorescences arise on one hand from the 
reduction of the ramification in the higher orders, as, for instance, 
when the secondary members of a cyme are not cymes but dichasia : 
these are dichasial cymes ; they occur in many Euphorbiae : again, 
when dichasia terminate in scorpioid or helicoid cymes. On the 
other hand it sometimes occurs that helicoid cymes are combined to 
form scorpioid cymes, as in Geranium. 

C. Compound racemose and cymose inflorescences. It may occur 
that a compound inflorescence changes in type in the different 
orders of ramification. Thus the branches of the first order may 
exhibit a i-acemose arrangement, and those of the second a cymose 
arrangement, as in the dichasial racemes of many Euphorbias (e.g., 
E. Esula, amygdaloides), in the scorpioid racemes of the Horse- 
chestnut, and in the helicoid capitula of many species of Allium. 
On the other hand the branches of the first order may have a 
cymose, and those of the second a racemose arrangement'; for in- 
stance, the helicoid cymes of capitula in Cichorium. 

Finally, there are certain terms used in describing inflorescences 
which refer only to the general external appearance rather than to 
the mode of formation of the inflorescence : thus, the panicle is a 
pyramidal inflorescence generally of the racemose type, at least in 
its first ramification: the corymb is a compound racemose in- 
florescence of which all the ultimate ramifications lie in one plane 
and bear flowers, e.g., many Cruciferas : the amentum (catkin) is a 
simple or compound inflorescence, usually pendulous and elongated, 
bearing inconspicuous flowers, which falls ofE entire from the plant 
when the flowering is over. Of cymose inflorescences there is the 
fascicle, consisting of a number of flowers on pedicels of equal length 
(Sweet William) ; the glomerule (Nettle and Box) or verticillaster 
(many Labiates), consisting of a few sessile or shortly pedicillate 
flowers ; and the anthela, which is a compound inflorescence, in 
which the branches of the first order are gradually shorter from 
below upwaixls (or rather from without inwards), as in Juncacesa. 
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Class EX.— MONOCOTYLEDONS. 



eoti/ledon; the ettdosperm it usualli/ ahui 



The emlrifo has hut one 
ianl in the ripe teed. 

The embryo is nsn&lly 
imall in comparison 'vrith 
the maes of endosperm 
(Fig. 164 lee). The 
axis of the embryo ter- 
minates at the posterior 
end in a very short ra- 
dicle and bears anteriorly 
a sheathing cotyledon 
which is considerably 
laif^er than the whole of 
the rest of the embryc^ 
and which not nnfre- 
qnently endoses one or 
more of the first minnte 
alternating leaves. 

On germination, the 
upper end of the cotyle- 
don commonly remams in 
the seed and absorbs the 
nntritioas sabstances de- 
posited in the endosperm 
(Fig. 164 n.-IV.) ; the 
lower part of the cotyle- 
don elongates and pnshes 
the rest of the embryo 
ont of the seed. In 
Grasses the cotyledon has 
a peculiar shield -like 
form, and ia termed the 

Fia. IM.— Gsnalnation of PJUm{i iiiel)liS»rit, the Date. I. TiftDiTSne Hctlon of Vaa 
donoastieed. liI„II'.I>ifl'ereDliUgwoIgeniilnaIlon(ir.th«iiMiini]«li«). J Tnuurena 
(ectioH of the Bead Bt 1 1 m ir. B TraniTerHieation ottheaeedliiig atrii; Catii. tTbt 
horny endoipenn) (thsiheuhorihecotfledan; it Haatalk; i Ita apex dBveloped Into an 
■ organ ol abaorptloa vhich gndaally conanmei tha endoapenn and at langth oconpiea It* 
place 1 IT (he primar; root i v' aeixmdarr rooU ; b* b~ the leaTH irfalch anoDeed ttie cotyledon 
iV) become the fini foliage-Isiif > u B and C ila Foldsd lamina i* lean cot aorou. (Attec 
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tcuteUum (Fig. 165 «c) ; in the ripe seed it almost entirely euelosea 
the embryo, and is in contact by its outer Bnrfaoe with the endo- 
sperm ; daring germination the cotyledon absorbs the nutritious 
matters contained in the endosperm, while the stem with the other 
leaves grows out of the seed. In other Monocotyledons the coty- 
ledon is either a sheathing scale, or it is the Grat green lea^ differing 
but little from the foliage-leavea which are subsequently developed. 

The primary root usually r^nains small and inconspicuous ; ad- 
ventitions roots are developed in encceseion at higher and higher 
levels upon the stem. 

The stem of Monocotyledons is traversed longitudinally by scat- 
tered closed flbro- vascular bundles , it has therefore no growth in 
thickness by the means of cam- 



bmm In a few genera only, as 
Tncca and Dracsena, it grows 
subsequently in thickness by the 
formation of meristem in the ex- 
ternal layers of the ground-tissue 
from which additional closed 
fibro-voscnlar bundles are de- 
veloped 

The axis of the embryo in 

many cases continues to be the 

mam axis of the plant; at first 

it IS thm and weak, and ranee no 

subsequent growth in thick- 

nees of the stem takes place, and 

since the successive portions of 

ihe stem are thicker and more 

i vigorous, the whole stem gradu- 

'I ally Bflsnmes the appearance of 

< iH >}»ii au inverted cone, but when the 

C*'^"=' plaut has reached a certain 




Tie. ISE.— Longltiidiiinl sHtion ol 
ot Zta lla.it ( x abont «) : t pericarp ; i 
intlns of the iHgiiiB ; /• bus o( ths grain ; 
1 bard yellowiab port of tlis endoBperm; 
m wbiier leas denae part of 
u •cntellnm of the embry 
• its epldennia; t plamalt 

primary root; vi its rooMbeMh; t> vmn..oj , ■ , . 
secondary root* Bpnneing from tho first Inter, height it may then grow cylin- 

I tba embryonio stem (rt). (Alter dricallyj this is the reason why 
in FalmB, in the Maize, and other 
similar erect stems, there is a diminataon in thibkness at the lower 
end. Frequently, however, the primary aiia of the plant perishes 
when it has ^ven rise to lateral shoots. 

The arrangement of the leaves is at first alternate: when the 
stem is well developed this alternate urangement often passes over 
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mto complex spiral arrangements, as in Fritillaria and in Palms, in 
which plants a crown of leaves is conspicuous. In the Grasses and 
a few other families, the phyllotaxis is permanently alternate. A 
whorled arrangement of the foliage-leaves occnrs bnt rarely. 

The leaves commonly have a distinctly developed sheath but no 
stipules. The lamina is usually entire, simple in outline, often long 
and narrow, linear or ensif orm, more rarely orbicular, cordate or 
sagittate. Branched leaves occur only in a few of the Aroidese. 
The pinnate or palmate leaves of the Palms acquire this form by 
the splitting of the originally entire lamina, and the same is the 
case with the perforated leaves of many Aroidese. 

The venation of the leaves is characterized by the fact that the 
weaker* veins do not usually project on the under surface. In linear 
leaves, and in such as are inserted by a broad base, the stronger 
veins run almost parallel ; in broader ones, e.g., Lily of the Valley 
{Gonvallaria viajalis), they describe a curve which is more or less 
parallel to the margin; the weaker veins usually run at right 
angles between the stronger ones. In the Scitamineae and a few 
other plants, a number of parallel transverse veins are given off at 
various angles (sometimes very acute, and sometimes nearly right 
angles) from the median vein. Reticulate venation of the leaves 
is very unusual ; it occurs in Aroids and in Paris quadrifolia. 

The flower of Monocotyledons consists typically of five alternating 
and isomerous whorls, two belonging to the perianth, two to the an- 
drcecium and one to the gynoecium. Thus the typical formula is JKh, 
On, An + n, 6?n, where n in most cases = 3, more rarely = 2, 4 or 5. 
The members of the perianth usually resemble each other in texture. 

This type is most closely adhered to in the Liliaceae. The first 
departure from it is exhibited in the abortion of the inner whorl of 
stamens in the IridesB, and in the inferior position of the ovary. 
This latter character occurs also in the Scitaminese and Orchidacese, 
which are also characterized by the zygomorphism of their flowers 
and the considerable reduction of the androecium. 

Other various and considerable reductions of the parts of the 
flower occur among the Aroideee, and constant reduction in the 
Glumales and TyphaceaB. 

In the case of certain water-plants, development appears to have 
been arrested at an early stage. In others, the number of 
the members of the gynoecium and to some extent even of the 
androecium is not constant^ and the spiral arrangement predomin- 
ates (Alismaceaa). 
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The simply organized water-plants may be regarded in some 
cases as reduced forms, as the Lemnaceae, while some seem to be 
representatives of a special type, as the Naiadese. 

The Monocotyledons may be classified as follows : 



>t 
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Sub-class I. NXJDIFLOR^. 
Series i. SPADICIFLOR-^. 

Cohort 1. Potamales. 

Order 1. Naiadejj. 
Cohort 2. Arales. 

Order 1. Aroide^. 

2. Lemnacej:. 

3. Pandane^. 

4. Ctclanthej;. 
„ 6. Ttphaceji. 

Cohorts. Palmales. 
Order 1. Palm^. 
Series ii. GLUMIFLOR^. 

Cohort 1. Glu males. 

Order 1. Graminej!. 

„ 2. CyPERACEiS. 

Cohort 2. Restiales. 

Order 1. ERiocAULONEis. 
„ 2. Kestiacr^. 



>» 



»j 



Sub-class II. PETALOIDE 
Series i. HYPOGYN^. 
Sub-series. Apocarpce, 

Cohort 1. Alismales. 

Order 1. JuNCAGiNEiK. 

2. Alismacej:. 

3. butomacej!. 
Sub-series. Syncarpoe. 

Cohort 1. Commelynales. 

Order 1. Xyrideji. 

„ 2. COMMELYNACEJl. 

Cohort 2. Liliales. 
Order 1. Liliaceji. 

„ 2. JUNCACEiE. 

„ 3. PONTEDERUCE^. 

Series ii. EPIGYN-^. 

Cohort 1. H yd rales. 

Order 1. HTDROCHARIDACEiE. 

Cohort 2. Dioscorales. 
Order 1. Dioscoreji. 

2. Taccacej;. 

3. Bromeluceji. 
Cohort 3. Amomales (Scita- 

mineae). 

Order 1. MusACEiE. 

2. ZmOIBERACEiE. 

3. Marantacej; (Can- 

NACEiE). 

Cohorts. Orchidales. 

Order 1. OfiCHiDEiE. 
Cohort 5. Narcissales. 
Order 1. Iride^. 
«t 2. Amaryllioeje. 
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SUB-CLASS L NUDIFLOR^. 

Flowers unisexual or hermaplirodite : perianth wanting, or con- 
Bisting of scales : ovary superior. 

SERIES I. SPADICIFLOR^. . 

Flowers usually in a spike or spadix with a spathe, sometimes 
solitary : anthers usually extrorse, or dehiscing by pores. 

Cohort 1. Potamales.^ Order 1. Naiadeji. Perianth 0, or of 
2-4 segments: stamens 1-4: gynoecium apocarpous, ovaries 1-4, 
with usually a single erect or suspended ovule: seed without 
endosperm. Water-plants. 

In the genns Naias the flowers are solitary or in spikes, and are dioecious : 
perianth : male flowers with 1 stamen, female flowers with 1 carpel : ovule 
erect. N. Jlexilis is the only British species. 

The flowers of Phucagrostis generally resemble those of Nai|[&, but the male 
flower has 2 stamens, and the female 2 carpels. This genus is found in the 
Mediterranean. 

In Zostera, the Grass-wrack, the flowers are unisexual, monoecious, and 
without a perianth; they are borne in two rows on one side of a spadix; 
stamen 1, carpel 1. Zostera marina and nana are the British species. 

Zostera and Phucagrostis live in the brackish water of estuaries ; they are 
remarkable in that their pollen-grains are filiform. 

In Zanichellia, the Homed Pondweed, the flowers are monoecious, and are 
solitary or in spikes ; male flower, perianth 0, stamen 1 ; female flower, perianth 
bell -shaped, carpels 4-6. JS* palustrit is the only British species. 

In Buppia, the Tassel Pondweed, the flowers are hermaphrodite, and there are 
generally two on a spike ; formula PO, A2f G4. B, maritima is the British 
species. 

In Potamogeton, the Pondweed, the flowers, which are hermaphrodite, are in 
spikes ; general formula P4, il2 + 2, G x 4 ; the stamens are inserted on the 
segments of the perianth. This genus is represented in Britain by many 
species : in some (P. pusillus) the stem bears only submerged leaves which are 
narrow and linear ; in others the leaves are somewhat broader (P. densus), and 
in others again it bears a few broad leaves which float on the water (P. natans). 

Cohort 2. Arales. The flowers are small and numerous, the 
inflorescence a spadix or a panicle with thick branches, commonly 
enclosed in a greatly developed spathe ; the bracteoles of the in- 
dividual flowers are frequently wanting ; perianth 0, or polyphyU 
lous ; the flowers are usually diclinous, but both sexes frequently 
occur in the same inflorescence : gynoecium apocarpous or syncar- 
pou&: the seeds have a large endosperm: the embryo is straight 
and minute. 
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Order 1. Aroideji. Flowers moncecions or hermaphrodite: peri- 
anth or of 4 segments : stamens many or definite : ovary uni- or 
mnltilocnlar : fruit a berry. 

In many of the genera the flowers are complete and conform to 
the monocotyledonons type, Kn, On, An + n, G (-), where n may 
stand for 3, 2 or 6, as in Acorns (Fig. 166), in which the flowers are 
exactly typical. In other genera, however, the flowers are rednced 
in varions ways and degrees ; not only does the perianth disappear, 
but the number of the stamens and carpels is frequently diminished. 
An extreme case is ofEered by those diclinous flowers of which the 
male consists of only a single stamen, and the female of only one 
monomerous ovary. These much reduced flowers are disposed in 

regular order on the spadix ; thus in 
Arum (Fig. 167) the numerous female 
flowers, consisting each of one carpel 
(Fig. 167/), are inserted on the base 
of the spadix, and the male flowers, 
each consisting merely of a few sta- 
mens, are closely packed higher up 
on it (Fig. 167 a). The upper part 
of the spadix is covered with rudi- 
mentary flowers (6, c). When, as in 
this case, the perianth of the true 
flowers is wholly wantmg, the whole 
inflorescence may assume the aspect 
' of a single flower ; but irrespectively 
of the numerous intermediate forms 

Fig. 167.— Spadix of Arum macula^ i.» -r x -l * j v 

turn (nat. size): / female; a male; ^^^h are to be found, SUCh a View IS 

and h radioaentary flowers; o the untenable when it is bome in mind 

upper club-shaped end of the spadix. ^^^ ^^^^ ^^^ ^^^^^^ ^^ invariably 

situated below the stamens, while in a flower they are invariably 
above them. 

The stem may be underground, a tuber, or a rhizome, or it may 
be aerial ; in the latter case it often climbs, clinging to trees by 
means of aerial roots. The leaves are either alternate and dis- 
tichous or, more often, spiral with a divergence of -f. They are 
rarely narrow, linear, or enisf orm, and commonly consist of sheath, 
petiole, and blade ; the venation is reticulated, and the leaf often 
exhibits a more or less complicated segmentation. 

Sab-order 1. Obontejs. Flowers usaally hermaphrodite and with a perianth. 
Acorus Calamus, the Sweet Flag, originally a native of Asia, is iouud ooco* 




FiQ. 166.— Flower of 
Acorus Calamus (mag.) : 
a outer, i inner peri- 
anth; st staifLens; / 
ovary. 
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noDoll; in ponda uid ditobes in Britain. The andergroand rhizome bears loi^ 
eDBifojin leaves and a triangular Boape bearing a terminal spadii which, liow- 
em, ia pushed on one dde bj the spathe which is long and nanow, and appears 
a* a prciloagBtion of tbe ifalk. The spadiz ie closely covered with perfect 
flowers (Fig. 166). 

Sub-order 3. Abbs. Flowers diclinoas and wiUioat a perianth. 

Arum macuUitum, the Cnckoo-pint or Lords-and-Lodies, il common in woods 
and hedge-rows ; the large green spsthe completely enTelopes the spadii (Rg. 167). 
Siekardia tlhiopiea ia a ooltiTsted plant well known nnder the name ol Calla 
or Coloeaaift ; it has a luge white foimel-shaped spathe. The species of Pliilo- 
dendron have dimbing atemi and large leaves vhieh are freqnsntl; perforated. 

PUtia StratioUt, a tropical watw-plant, is charaoteriaed by having the flowera 
on tbe spadiz rednoed to two, one male flower, and oae female flower eoDsiating 
of a single carpel ; the spadix and apatfae ore adherent. It appears highly 
probable that the Iieinna«en, mentioDed below, are in fact ver; simple forms 
of this funily- 

Order 2. Lbhnaces. Stem leafless. Each inflorescence consists 
of tivo male flowera and one female flower borne on a lateral pro- 
minence of the stem : the male flowers consist of a single stamen, 
and the female flower of one carpel. 

Lemna triruka, polyrhita, minor and gibba, are known as I>nck- 
are common in tanks and ponds, SoatiDg on the water. 
leaSeaa, ia almost flat, resembling a thallos ; it bears 
two rows of branohes (Fig. 16B), as also roots on its 
under snrlace which are suspended in the water. Boots 
are, however, absent in Walffla arrhiza, which is also 
devoid of Ebro-vaaenlar bimdles: ita flower has no 
spathe, and it bean only one row of bcanehea: it a 
the smallest known flowering plant. 

Order 3. Pandane*. Flowers dioecions, 
perianth ; the female flowers each consist of 
a single carpel ; they are closely crowded on 
the spadix, whicli becomea a spnrioDB fmii : 
the male flowers hare numerous stamens. 

Pandania utilii, the Scraw-Pine, and other spedes, form thioketa in tk« 
tropics, particnlarly on the banks ol rivers. The straight woody stems, which 
aabsequently branch, give off nninerona strong roots which attach them to the 
soil, and bear orowna ol large narrow linear learea, the margins ol which are 
freqaently set with sharp apinona teeth. The toogh fibio-vasonlai bundles are 
used for the mannfaetnre of fabrics. 

Order 4. Ctclanthex. Plants of a palm-like habit in Southern 
and Central America ; the flowers, which nsaallf have a perianth, 
are disposed on the epadix in regular spirals : they are moncecions. 
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Toe lesTM ol Carladoniea palmata are applied to vaiioiu purpoaei, t.g., 
Pananu bat* ue woven ol tbem. 

Order 5. Ttpbacex. Flowers moncecioaB, the perianth repre- 
sented only hj scales or hairs. Stamens 1-6. Ovary monoineroiis 
containing one omle. Inflorescence a spadix, without a spathe, 
elongat«d or compact. 

In Bpargsnioni, the Bur-reed, tbe infloreiaenceB aie >pberical apikee which 
ate borne tenninallj uid laterallj in two tomi on the upper part ol the stem. 
The lower spikes bear onlj lemole and the upper only male flowers ; the periaoth 
consists ot scales ; stamens 2-3, free. Spargamnn rimpUx and rametum are 
not rare in ditches. 

Typba, the Beed-mace or Bnlmsh, bears its flowers on a long terminal spadii ; 
the male flowers are home at the upper andthiimer portion directly on the main 
axis ; on the lower and tbicher portion are bome the female flowers, which grow 
partly on the main axis and partly on very short lateral shoots ; the perianth ia 
replaced bj long hairs ; stamens 3, monadelphons. Typha angiuti/olia and 
lat^folia occur in bogs and wet places. 

Cohorts. Patmales. Order 1. Paliis. The flowers are dicecions 
fx monaecions, rarely hermaphrodite or polygamons, and thej 
generally conform to the type £3, GS, AS + 3, 
QiB.; in rare instances a larger or a smaller 
nnmber of stamens are present : anthers some- 
lameB introrse : carpels, in rare cases, only two 
or one: ovary monomerons, or polymerons with 
from one to three locnK. The flowers are in- 
serted with or without bracteoles on a spadiz or 
on the thick axis of a spicate or panicolate in- 
florescence (Fig. 169). 

Their mode of growtli is somewhat varions. 
Most Palms bear their leaves closely arranged 
iinidfl o( Cha- '^ * crown at the top of a tall or of a qnite short 
DiBdorM.- • ibe thick stem, which is clothed for some distance below 
"*!." .1 ?! "^T'i ita apex with the remains of the older withered 

ana p Uie iDtarnal whorl r 

Of the perianth i /ovaiT leaves. Bnt in some genera, e.g., Calamns, the 
(" ^>- stems creep or climb and the leaves are inserted 

at some distance from each other. The blade of the leaf commonly 
splits in the conrse of its growth, assnming a palmate or pinnate 
form. 

Palms chiefly inhabit the tropics, particularly the Molnccas, 
Brazil, and the region of the Orinoco. 

Fhanix daetyHfera (the Date Palm), a native ot Asia %nd Africa, has pin- 
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natifid leaves. 01 the thi^e oraries, one 011I7 developes to form the froit vhich 
is knonn ta the date 1 the atone of the date oou^tB ol a \ety thin testa enclosing 
the large maaa of endoapeim in which the embryo is imbedded. Coeot mteifern 
(the Cocoa-nut Palm) has, oa is well known, many nses. The fruit itself i* a 
gigantic drupaceone trait ; the meaocarp is traversed by an immenM number ot 
fiblD-voacnlar bundles, which are used to mafae ropes, etc. Inside the eioes- 
iively hard wall ol the trait itself, the endooarp, liei a lingle large seed. TThen 
the fmitis mature, the endosperm foims a layer onl; a few millimetres in thick- 
ness, whioh lines the hard shell ; the rest ot the space is Bllad with Quid, known 
OS eoeoa-nut milk. The embryo, which is small, is imbedded in the firm tissue 
of the endosperm, under the spot where there is a hole in the endocarp. Sagw 
RwapliH, belonging to the Uolaccas, yields Eago, which is in fact the starch; 
parenchyma ot the stem, ElaU gviiueniii is the Oil-Palm ol West Africa ; 
the mesocarp ol (he plum-like froit yieldB the oil. Ihe stems of various speoies 
ot Calamus eouititate the so-called Spanish cane. The large and very hard 
endosperm, with much -thickened cell- membranes, oiFhyttUphai macrocar^a, is 
nsed in turnery, and is known as vegetable ivory. Chamaropt hwrniiit, the Fan- 
Palm, is found in Sonthem Boiope and Northern Africa. Linittona mutralit is 
frequently ooltivated for the sake of its graceful, fan-like, polmatifid leaves. 

BEBIES U. GLDMIFLOIt^. 

Flowers hermaphrodite or unisezaal, nsnally in heads or spikeleta 
invested by imbricate bracts or glnmea : ovary nni- or mnltjlocnlar, 
with oae ovule in the loonlns: seeds with endosperm. 

Cohort 1. Glumales. Ovary nmlocnlar: ovale erect. 

Order 1. OBAMurEX. Tme Grasses. The leaves are altemato 
on the stem, which is known as the haulm ; the embryo lies on the 
side of the endosperm (Fig. 165). The naoally hermaphrodite Sowers 
tin referable to the formula £0, 02,,AZ -^ 0,&^; they are enclosed 
by bracts here 




leaves 

the form 

small scales 

termed lodi'euUt ; the unilocular ovary contains only one ovule ; the 

grain is the f mit, a caryopsis, to which the two pale» sometimes 

adhere, e.g.. Barley and OatB. 

A Eower of this composition is sessile in the axil of a bract, which 
is termed the in/isrww or outer palea (Fig. 171 6|, 6(...), and there is 



224 PAST 17. — THE CLASainCAIIOK 01 PLANTa. 

aiao a bracteole beneatK the perianth whicli is termed tlie tiqierioT 
or t'nnei' palea. The two palen completely enclose tlie Sower, 
XJanally two op more flowers which are thoB enclosed by the palete 
ate present on an axis (Kg. 171 »), and conatitnte the spikelet ot 
the Grass, and beneath the lowest flower there are nsnally two 
more bracts which bear small sterile flowers in their axils and which 
are known as the glume) (Fig. 171 ^). Thns a spikelet consists cE 
an axis bearing two rows of bracts of which the two first and lowest 
are barren, while the sncceeding ones bear each a flower in its azjl, 
and beneath each Sower there is also a bracteole or palea belonging 
to the floral axis itself. The inferior pale» often have, either at 
the apex or else borne on the midrib, a spinous process called the 
arula or awn (Fig. 171 gr). 

The number of flowers in each 
spikelet varies - according to the 
genus, often there is bnt one, the 
^^~'' lowest, with mdiments of others 
above it; if, however, only one of 
the npper flowers is developed, so 
that the lower palete bear no flowers 
m their axils, they are regarded as 
glomes, several being therefore pre- 
sent m snch a case. The spikelets 
themselves are in many gener^ e^.. 

Bye and Wheat (Fig. 172 £), ar- 

Pis. l?l.— A spikelet of WlWBt *«- __ j • . . . 

Mcted {n»g.) , . >iu of tfae Bpiketet, ranged in two rows on a main axis ; 
9 ginmei! (, i, ths inferior psien the inflorescence may then be de- 
fl™'^'^r^e!i*(tam™kiifonfof the ^"S^ated a spike J in most ot the 
uiia ot ths Boparior poien, jh; a an. Other genera the main axis of the 
tbersi/ovariee. inflorescence bears lateral branches 

which are slender, of varioas length, and often branched agun, and 
which bear the terminal spikelets ; in this way a panicle is formed, 
as in the Oat (Fig. 172 A). This may be either loose and spread- 
ing, with long lateral branches (Fig. 172 A), or compressed, with 
very short branches, e.g., AlopecnniB. 

The stem is nsnally tall and the long inl«mode8 are hollow ; the 
sheath of the leaf is largely developed and frequently extends over 
several intemodes. A membranoos lignla ia often found at tfae 
junction of sheath and lamina (Fig. 8 A). 

The Grasses are classified as follows : 
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Sab-order 1. CLisANXHEiE. Spikelets closed in flower: styles or stigmas 
long, protruding beyond the apex of the inferior palea. 

Tribe 1. Panicea, Spikelets dorsally compressed, l-flowered: glnmes 3, of 
which the lowest is the smallest. 

Panicum glabrum (Digitaria humifusa)^ P. (Echinochloa) Crus-galli, and P. 
(Setaria) viridis oconr occasionally o^ cultivated land. 

Tribe 2. PhalaridecB, Spikelets laterally compressed, 1-flowered : glumes 4, 
the inner pair being smaller. Phalaria arundindcea, the Beed-grass, is common 
on the banks of streams, etc. : a variety with white-streaked leaves is cultivated 
in gardens. Anthoxanthum odoratum^ Vernal Grass, which has only two stamens 
and a paniculate inflorescence, is common in meadows : it gives the peculiar 
odour to fresh hay. 

Tribe 3. Andropogonea, Flowers 
monoecious or polygamous : glumes 
3, of which the lowest is the largest. 
Zea MaiSf the Maize Plant, is cul- 
tivated in warm countries : its 
flowers are monoecious: the male 
flowers form a loose panicle at the 
apex of the haulm, and the female 
flowers are borne laterally on a 
thick spadix, which is ensheathed ^^v^ S I 

by leaves, 
the Sugar-( 
East Indies. 

Tribe 4. ChloridecB, Spikelets 
laterally compressed, usually 1- 
flowered, in compound spikes : 
glumes 2. Cynodon Dactylon, 
the Dog's-tooth-grass, is often 
abundant on waste ground. Spar- 
tina stricta occurs in salt marshes. 

Tribe 5. Phleinea, Spikelets 
laterally compressed, 1-flowered, in 
dense panicles : glumes 2. 



3. Saccharum officinaruniy jif"^^^^^^ / 
ir-cane, is a native of the ^ff S^^o / 
lies. f- ^ 

4. Chlondea, Spikelets 1/ \ 




B 



Fis. 172.— A Panicle of Oat, Avena aativa: 
main axis; t^ lateral axes; a spikelet (^ nat. 
Alopecurus, the Fox-tail-grass, 8i»e). BSpikeof Wheat: « axis; <7 the depressions 

has the glumes coherent at it,^ ^^^oh ^^^ ^P^^^^^ i<^) ^^' These are removed 

_° 1. i , at the lower part, 

base, and one rudimentary palea. 

Phleum, the Gat's-tail-grass, has free glumes and two distinct palesa. 

Tribe 6. Sesleriem. Spikelets laterally compressed, 2-flowered or more, in 
dense panicles : glumes 2. Sesleria carulea, the Moor-grass, occurs on moun- 
tains. 

Tribe 7. Nardece, Spikelets 1-flowered, in simple spikes : glumes 0. 

Nardus stricta^ the common Mat-grass, occurs on moors and heaths. 

Sub-order 2. Eubtanthea. Spikelets open in flower : styles short, stigmas 
protruding near the base of the inferior palea. 

Tribe 1. Oryzea, Spikes laterally compressed, usually 1-flowered : glumes 4, 
often represented only by bristles. Oryza sativa is the Bice-plant — from the 
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East Indies ; enltivated in marshy regions of Sonthem Europe. Leersia ory^ 
zoideSf the Cut-grass, is found in ditches in the south of England. 

Tribe 2. Stipea, Spikelets 1- flowered, cylindrical or flattened posteriorly: 
in panicles : glumes 2. Stipa pennata^ the Feather-grass, has a long airy awn. 
Milium effusum, without an awn, is common in woods. 

Tribe 3. Agrostidea. Spikelets 1-flowered, compressed laterally, in loose 
panicles : glumes 2. 

In Agrostis, the Bent-grass, the axis of the spikelet is glabrous, ox it bears 
short hairs ; A. vulgaris and stolonifera are common in meadows and woods : 
Apera Spiea venti is common in fields: in Galamagrostis, the Small reed, 
several species of which occur on the banks of rivers and woods, the axis of the 
spikelet is covered with long hairs. 

Tribe 4. Avenea. The spikelets consist of several (usually two) flowers ; the 
glumes (or one of them at least) are as long as the whole spikelet. 

Avena, the Oat, has loose panicles, and a two-toothed inferior palea : of this 
genus there are many species; A. fatua, pratensis and puhescens^ are common 
in cornfields and meadows. The following species are cultivated: A, saliva, 
with its panicles in various planes ; A, orientalisy with its panicles in one plane; 
A, strigosa, with a hairy floral axis ; and A. nuda, the spikelets of which usually 
consist of three flowers. Aira caspitosa and Jlexuosa have truncate inferior 
palesB, and are common in meadows and woods. Holcus, the Honey-grass, has 
spikelets consisting of two flowers, the upper of which is usually male, and the 
leaf-sheaths are covered with silky hairs ; it is common in damp meadows. 

Tribe 5. Festucea, The spikelets are usually many-fiowered, and the glumes 
shorter than the lowest inferior palea. Melica, the Melic-grass, has sometimes 
spikelets consisting of a single flower only ; the glumes are long ; it is common 
in woods. Briza, the Quaking-grass, has spikelets which are compressed laterally 
and are cordate at the base ; it is common in meadows. Koeleria cristata has 
dense panicles ; it is common in dry meadows. Dactylis glomerata, the Cock*s- 
foot-grass, has dense panicles divided into parts which have longer stalks ; it is 
common in meadows. Poa pratensis, trivialis, etc., are common in meadows; 
their spikelets are compressed laterally; the glumes have a sharp keel; P. 
annua is common by the roadside. Festuca elatior, and others, the Fescue 
Grasses, are common in meadows. Bromus, of which there are several species, 
is common in fields {B, secalinus), in meadows (B. mollis and others), by the 
roadside (B. sterilis, teetorum), Molinia earulea has a very long haulm, con- 
sisting for the most part of a single intemode ; its spikelets are in loose purplish 
panicles ; it occurs on moora. In Phragmites the axis of the spikelet is covered 
with long silky hairs: Phragmites communis, the Beed, occurs abundantly in 
marshes. 

The upper flowers in the spikelets of plants belonging to this tribe are often 
unisexual, male ; Phragmites is peculiar in that the lower flower of the spikelet 
is male. 

Tribe 6. Hordeea, Spikelets solitary, or 2 or 3 together, 1- or many-flowered, 
situated in depressions on the main floral axis, forming the so-called spike : 
glumes 1-2. In Lolinm, the Bye-grass (L. perenne is conimon everywhere), the 
posterior surface (that is, the middle line of the posterior glume) is directed 
towards the main axis, and this glume is usnidly rudimentary. In fdl the other 
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genera the elile ot the spikelet is directed towaida the main axie, and theie iTe 
t;?o gluittea. Secale certalt, the Bye, has 2-flowered epi^ets and narrow anl- 
ehaped glames. Tritldun, the Wheat, has 8- or moie flowered apikelats, with 
orate glumeE: T. repau, the Twiteb, ia common ereiTwhere; its spreading 
rhizome makes it a troublesome weed. The following apeciei are cnltifated; 
T. tmlgare, the common Wheal, with long glnmes, which have no keel, and T, 
targidam, English Wheat, with ahort keeled gluneB ; both these Forma have a 
wir; floral aiie, and the fruit easily falls ont o( the glamea ; T. SptUa, the 
Spelt, which has an almost qnadrangnlar spike, and I', dicoecum, with a com- 
pact Bpike, have a brittle floral axis, and the fruit is firml; enclosed by the 
glomes. In all the epeciea the length of the awn Tariea verj mnch. Brachy- 
podinm has ahortly-Etalked spikeleta, and its two glnmes differ mnch in length ; 
it is thus distinguished from Triticnm. Eordenm, the Barley, has 3 single- 
flowered spikelets inserted together in one depression on the floral axis. H. 
murlnum is common on the roadside and on walls. The following spetiieB are 
cnltivated: H. viilgare and E. hexaitichvm, with only fertile spikelets; in the 
latter species the spilieleta are all eqaally distant, and aia therefore arranged in 
ail rows ; in the former apecies the median apikelete are nearer together, and 
the lateral ones more distant, so that they are described as being in loni tows : 
further, H. duliehum is the two-rowed Barley, the lateral spikelets of whieh 



:o that the fruits Are arranged in 



The froit nsaally adheres 



oirrsa^eA in three rows 

re bristles or scales ; the 



:a hermaphrodite; perianth 0, 



Order 2. Ctperacej;. The leaves i 
on the stem ; perianth 0, or of 3-6 or 
embryo is enclosed in the endosperm. 

Trihel. Cyptrea. Spikelets compressed : flr 
or of bristles : glumes distiohous. 

Cyperus, the Galingale, has many-flowered spikelets with decidnons glomes ; 
SchtenuE, the Bog-msh, has few-flowered (1-j) spikelets with pereistent glumes. 
C. longia and fiticat, and S. nigrUam, ooonr in England. Cyperui Papyna is 
an Egyptian species from which the Papyrus of the ancients was made. 

Tribe 2. Scirpta. Spikelets cyhndrical ; Sowers hermaphrodite; perianth 0, 
or of bristles : glumes imbricate on 
all sides. 

The spikelets are often arranged so 
aa to form spikes, panicles, nmbels, 
or capitnla ; the flower has the tor- 
mnla K3, C3, il3 + ot 8, GO. 

Scirpns, the Club-msh , has a bristly 
perianth ; in some species the spike- 
lets Eire solitary, as in Seirput caipi- 

toeui. ia others there are lateral ns, its.-FIowbt of Sdrpoi (magnifleJ) . 
spikelets in addition on short stalks, p the bristlr periaDth; sChs Ihise sUuDeiu ;, 
aa in S. (acuilril {the true Balmsh), or /theovaiy. S lu floral diainin. 
on long stalks, as in £. iglvaticiu. ETiophonm potyitaehion and others 
(Cotton-grass) are common on moors; the hairs of the perianth, after flower- 
ing, grow to a considerabli length. 
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Tribes. Carieea, Spikelets oylindrical ; flowers unisexual ; perianth 0. 
The GarioesB have diclinous flowers with this peculiarity, that the male and 
female flowers differ in their structure. The male flowers have the formula KO^ 
CO, AB + 0, GO ; they are situated in the axils of bracts (glumes) (Fig. 174 B and 
D) and form simple spikes. The female flowers have the formula KO, CO, 
AO + 0, Gi^ or iS and are not sessile in the axils of the bracts (glumes) (b in 
Fig. 174 A and C), but a short branch springs from the axil of each of these 
leaves bearing a single bracteole {s in Fig. 174) and it is in the axil of this 
bracteole that the female flower, which consists of a trimerous or more rarely 
dimerous ovary, is situated. The bracteole {s in Fig. 174 A and C) increases 
greatly and invests the fruit, forming the so-called utriculus : this structure is 
often regarded as a perianth, and is termed the perigynium. In Elyna and 
Kobresia the bracteole is not tubular, and therefore does not completely invest 
the ovary. 

The Genus Carex, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw-like edges, but only 

a few of them are dioecious : in most the 
male and female inflorescences occur on 
the same axis. In one large section of 
them the two sexes occur on the same spike 
which is either male at the base and 
female at the top, or vice versd. When 
this is the case the ftxis bears either only 
one terminal spike, as in Carex pulicaris 
and C, paucijlorat or several spikes forming 
a capitulum at the apex, as in C. pseudo- 
cyperus, or a spike or a panicle, as in C. 
muricata and paniculata. In the second 
section, on the other hand, each spike is 

(glume);* bracteole J /ovary ;n Stigma, almost always termmal on the axis and 

B Male flower: st the three stamens; the female lateral, as in Carex acuta^ 

a anthers. C Diagram of the female glauca, prcecox, digitata, fiava, and palu- 

and (D) of the male flower: r axis of ^Qg^^ 
the spike ; h bract ; < bracteole. 

Cohort 2. Restiales. Ovary often multilocnlar ; ovnle ortho- 
tropoiLS and snspended ; hence in the seed the radicle of the embryo 
is directed away from the hilnm (enantiohlastic). Flovsrers xmisexnal, 
rarely hermaphrodite, with bracts: floral formula KS, (73, -43 + 3» 
(?(3), bnt occasionally some of the members are wanting. 

Order 1. Eriocaulonej;. Flowers unisexual, in capitula, often 
monoecious in the same capitulum, or rarely dioecious: stamens 
generally in two whorls, anthers generally bilocular : seed ribbed. 

Eriocaulon septangulare, the Pipewort, occurs in the Hebrides and on the 
west coast of Ireland. 
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Sub-order 1. Clisanthejb. Spikelets closed in flower: styles or istigmas 
long, protruding beyond the apex of the inferior palea. 

Tribe 1. Panicea, Spikelets dorsally compressed, 1-flowered : glumes 3, of 
which the lowest is the smallest. 

Panicum glahrum {Diffitaria humifusa), P. (Echinochloa) Crus-galli, and P. 
(Setaria) viridis occur occasionally on cultivated land. 

Tribe 2. Phalaridea. Spikelets laterally compressed, 1-flowered : glumes 4, 
the inner pair being smaller. Phalaris arundindcea, the Beed-grass, is common 
on the banks of streams, etc. : a variety with white-streaked leaves is cultivated 
in gardens. Anthoxanthum odoratum^ Vernal Grass, which has only two stamens 
and a paniculate inflorescence, is common in meadows : it gives the peculiar 
odour to fresh hay. 

Tribe 3. Andropogonea. Flowers 
monoecious or polygamous : glumes 
3, of which the lowest is the largest. 
Zea MaiSf the Maize Plant, is cul- 
tivated in warm countries : its Si"^ l\ 




eaves. Saccharum offieinarum^ ^"^^"^ / 

Sugar-cane, is a native of the 9fr S^s^ / 
t Indies. ijjT; ^ 

ribe 4. Chhridea. Spikelets 1/ \ 



flowers are monoecious: the male 
flowers form a loose panicle at the 
apex of the haulm, and the female 
flowers are home laterally on a 
thick spadix, which is ensheathed 
by leaves, 
the 
East 

Tribe 4. Chloridea. Spikelets 
laterally compressed, usually 1- 
flowered, in compound spikes : 
glumes 2. Cynodon Dactylon, 
the Dog's-tooth-grass, is often 
abundant on waste ground. Spar- 
Una stricta occurs in salt marshes. 

Tribe 5. Phleinea, Spikelets 
laterally compressed, l-flowered,in 
dense panicles : glumes 2. 



■^^ f; 
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Fio. 172.— A Panicle of Oat, Avena sativa: 

main axis; ^ lateral axes; a spikelet (^ nat. 

Alopecurus, the Fox-tail-grass, 8i«e). B Spike of Wheat:* axis; » the depressions 

has the glumes coherent at the ^ IT^f *^« ^^^^^^^^ <«> ^«- These are removed 

_° s. . « at the lower part, 

base, and one rudimentary palea. 

Phleum, the Cat's-tail-grass, has free glumes and two distinct paleie. 

Tribe 6. Sesleriea, Spikelets laterally compressed, 2-flowered or more, in 
dense panicles : glumes 2. Sesleria cotrulea^ the Moor-grass, occurs on moun- 
tains. 

Tribe 7. Nardea, Spikelets 1-flowered, in simple spikes : glumes 0. 

Nardus stricta, the common Mat-grass, occurs on moors and heaths. 

Sub-order 2. Eubtanthea. Spikelets open in flower : styles short, stigmas 
protruding near the base of the inferior palea. 

Tribe 1. Oryzea, Spikes laterally compressed, usually 1-flowered : glumes 4, 
often represented only by bristles. Oryza sativa is the Bice-plant — from the 
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East Izidiet; eoUiTaefted in auBBfar regianE of Bontbeni Enrope. Zieemiu Mtr^ 
zoidet, the Gnt-grus, iE Icmnd in difadifiE in ihe Bonih od Tmplgnfl. 

Tribe 2. Stipem. BpikeletB l-fiDweiei, crlindxicBJ or flattenfid ynrtFirinrrhrz 
in panicles: glomes 2. Stipa pnmota, the Feaiher-gnHB, has a long airr «wn. 
Jl/t2iu]ii ^lUKm, withont an aitiL, is eoxmncm in wooda. 

Tribe 8. Agrottidem, BpikeilBtE l-flDwered, campnaBed lateral^, in lofw 
panicles : glomes 2. 

In Agrostis, tbe Bent-grass, the axis of the figaikelet is glafaroos, os it Inns 
short hairs; A. vuiparis and ttolonifera are common in meadoire and woocfas: 
Apera Spioa vtnti is common in £eld£: in Calamagrostifi, the Small iieedl, 
several species of idiidi oocor on the hanks of zivBiE and wood&, the aziB of t^ 
spikelet is ooTeied with long hairs. 

Tribe 4. Avemm. The spikelats eanslst of seversl (osobIIt two) fiowsEE ; the 
glomes (or one of them at least) are as long as the whole spikeleL 

Avena, the Oat, has loose panides, and a two-toothed inienor palea: of this 
genos there are manj species ; A. fatua, prateruis and puhnoeiu, are omnrmim 
in eomfieldB and meadows. The following species are cnMrated: A. mUuw, 
with its panicles in raiions planes ; A. orientaltB, with its panideE in one pilane; 
A, 9trig<»a, with a haiij flonl axis ; and A. mtia, the spikeilets of which osoaQy 
consist of three flowers. Aira ctupitota and JUxuota hmve troncate infeiiar 
palee, and are common in meadows and woods. Holeos, the Honer-gxass, liaB 
spikelets consisting of two flowers, the opper of which is nsoallj male, and the 
leaf-sheaths are covered with silky hairs ; it is common in damip meadowa. 

Tribe 5. Fegtucea. The apikielets are osoallj niiaDy-flowered, and the glimies 
shorter than the lowest inferior palea. Ifelica, the Melie-grass, has sometimes 
qpikelets consisting of a single flower only ; the glomes are long ; it is common 
in woods. Biiza, the Qoaking-grass, has spikelets which are compressed latency 
and are cordate at the hase ; it is common in meadows. Koeleria crittaXa, has 
dense panielee ; it is common in diy meadows. DaetyJit gloimeraUiy the Cock^s- 
foot-grass, has dense panicles dirided into parts which have longer stalks ; it is 
common in meadows. Poa pratensit, trivialit, etc., are common in meadows; 
their spikelets are compressed laterally; the glomes have a sharp keel; P. 
annua is common by the roadside. Festuea elatior, and others, the Feseoa 
Grasses, are common in meadows. Bromos, of which there are several iqteeies, 
is common in fields {B. seealinus), in meadows {B. mollit and others), by the 
roadside {B. sterilit, teetorum). Molinia ecerulea has a very long haolm, con- 
sisting for the most part of a single intemode ; its spikelets are in loose porpUsh 
panicles ; it oceors on moors. In Phragmites the axis of the spikelet is covered 
with long silky hairs : PhragwaUt eommuni*, the Beed, occois abundantly in 
marshes. 

The opper flowers in the spikelets of plants belonging to this tribe are often 
onisexoal, male ; Phragmites is pecoliar in that the lower flower of the spikelet 
is male. 

Tribe 6. Hardeea. Spikelets solitary, or 2 or 3 together, 1- or many-flowered, 
sitoated in depressions on the main floral axis, forming the so-called spike : 
glomes 1-2. In Loliom, the Bye-grass (L. perenne is common everywhere), the 
posterior surface (that is, the middle line of the posterior glome) is directed 
towards the main axis, and this glome is osoally rodimentary. In all the other 
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genera the siile of the spikelet ia directed towards the main aiig, and there are 
t\To glumes. Seeale eereaU, the B;e, has 2-flowered spikelets and narrow awl- 
Bhaped glumes. Triticnm, the Wheat, has 3- or more Qowered apikeleta, with 
ovate glomes; T, Tcperu, ths Twiteh, is common everywhere; itt spreading 
rhizome makes it a troublesome weed. The following Bpecies ore cultivated ; 
T. vvXgare, the common Wheat, with long glumes, which have no keel, and T. 
targldtan, English Wheat, with short keeled glumes ; both these forms have a 
wirj floral axis, and the fruit easily falls ont oE the glumes: T. Sptlta, the 
Spelt, which has an almost quadrangular spike, and T. dicoccuvi, with a com- 
pact spike, have a brittle floral axis, and the fruit is firmlj enclosed b; the 
glumea. In all the species the length of the awa varies very much. Braohy- 
podinm has shortly-stalted spikelets, and its two glumes differ moch in length : 
it is thns distingniihed from Triticum. Hordeom, the Barley, has S single- 
flowered spikeleta inserted together in one depreasion on the floral aiis. B. 
nmrtnuTn is common on the roadside and on walls. The following species ate 
eoltivated: H. vulgart and H. hezaitieham, with only fertile apikelets; In the 
latter species the spikelets are all eqnally distant, and ore therefore arranged in 
ail rows ; in the former species the median spikelets ore neater together, and 
the lateral ones more distant, so that they are deaeribed as being in tour rows : 
further, H. dftlicAum is the two-rowed Barley, the lateral spikelets of which 
are male, ao that the fruits ore airangad in two rows. The fruit usually adheres 
to the palea 

Order 2. CrPERACBa;. The leaves are arranged in three rows 
on the atem ; perianth 0, or of 3-6 or more bristlea or scales ; the 
embryo is enclosed in the endosperm. 

Tribe I. Cypcrta. Spikelets compreaaed ; Bowers hermaphrodite ; perianth 0, 
or of bristles : glnmes distichoas. 

Cyperus, the Galingale, hoa many-flowered spiitelatB with deciduous glamas; 
Schcenus, the Bog-rash, has few-flowered (1-4) spikelets with persistent glumes. 
C. longut and faicat, and S. tdgriean; occur in England. Cyperui Papgnu is 
an Egyptian species from which the Fapyms ol the ancients was made. 

Tribe 3. Scir-pem. Spikelets oylindrioal; flowers hermaphrodite; perianth 0, 
or of bristles : glomes imbricate on 
all sides. 

The spikelets are often arranged so 
as to form apikea, panicles, umbels, 
or cspitula; the flower has the for- 
mula Ei, C3, ^3 -1- or 3, Gffl. 

Scirpus, the Club-rash, haa a bristly 
perianth ; in aome species the spike- 
lets are solitary, as in Scirpm caipl- 
tosTit, in others there are lateral r,a. m.-nowsr of Bclrptu {magnlBed). 
spikelets in addition on short stalks, p ibe briitij perianth j a the oaee etamens ; 
as in S. locaitril (the true BuhTish), or /theovary. B lla floral dlagraoL 
on long stalks, as in S. lybialiau. Eriophorum polyttachian and others 
(Cotton-grass) are common on moora ; the hairs of the perianth, after flower- 
ing, grow to a considerabb length. 
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Tribes. Caricea. Spikelets cylindrical ; flowers unisexnal ; perianth 0. 
The CaricesB have diclinoas flowers with this peculiarity, that the male and 
female flowers differ in their structure. The male flowers have the formula KO, 
CO, AS + 0, GO ; they are situated in the axils of bracts (glumes) (Fig. 174^ and 
D) and form simple spikes. The female flowers have the formula KO, CO, 
AO + 0, Gi^ or iS and are not sessile in the axils of the bracts (glumes) (b in 
Fig. 174 A and C), but a short branch springs from the axil of each of these 
leaves bearing a single bracteole (s in Fig. 174) and it is in the axil of this 
bracteole that the female flower, which consists of a trimerous or more rarely 
dimerous ovary, is situated. The bracteole {e in Fig. 174 A and C) increases 
greatly and invests the fruit, forming the so-called utriculus : this structure is 
often regarded as a perianth, and is termed the perigynium. In Elyna and 
Kobresia the bracteole is not tubular, and therefore does not completely invest 
the ovary. 

The Genus Carex, the Sedge, contains numerous species which grow mostly 
in damp localities ; they have stiff leaves with sharp or saw-like edges, but only 

a few of them are dioecious : in most the 
male and female inflorescences occur on 
the same axis. In one large section of 
them the two sexes occur on the same spike 
which is either male at the base and 
female at the top, or vice vend. When 
this is the case the axis bears either only 
one terminal spike, as in Carex pulicarit 
and C. paucijloraf or several spikes forming 
a capitulum at the apex, as in C. pseudo- 
eyperus, or a spike or a panicle, as in C, 
muricata and paniculata. In the second 
section, on the other hand, each spike is 

J'7^-Z7:r "lTty"ZL ---"•-. -^ *- tl"* -^« "Pike i, 

(glume) J « bracteole; /ovary J n stigma, almost always terminal on the axis and 

B Male flower: st the three stamens; the female lateral, as in Carex acuta^' 

a anthers. C Diagrram of the female glauca, prcecox, digitata, fiava, and pahk- 

and (D) of the male flower: r axis of ^q^^^ 
the spike ; h bract ; < bracteole. 

Cohort 2. Restiales. Ovary often mnltilocular ; ovnle ortho- 
tropoxis and snspended ; hence in the seed the radicle of the embryo 
is directed away from the hilnm (enantiohlastic). Flowers xmisexnal, 
rarely hermaphrodite, with bracts: floral formnla KS, (73, -43 + 3,, 
G(S), bnt occasionally some of the members are wanting. 

Order 1. Eriocaulonej;. Flowers nnisexnal, in capitnla^ often 
moncecions in the same capitulnm, or rarely dioecions: stamens 
generally in two whorls, anthers generally bilocnlar : seed ribbed. 

Eriocaulon Beptangulare, the Pipewort, occurs in the Hebrides and on the 
west eoaat of Ireland. 
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Order 2. Bestuobj;. FIowotb asaally nnisexTial, dioedona, and 
in spikes : not more tlian one wKorl of stamens is present, anthers 
generally ttnilocnlar ; seed Bmootfa. or tnbercled. 

These are grasa-like ptanta all living in the sontbern hemisphere. This oidei 
inclades the gionp Centrolepiiteffi (Desvaniiacen Lindl.) ; in these the perianth 
is much tedaoed, the male flower probabl; has oulj one stamen, and the [emale 
onl; one carpeL 

STJB-CLASS II. PETALOIDE^. 
Flowers Kermaphrodite, rarely nnisexaal ; perianth never wanting, 
nsnally biseriate, the members of at least one series nsnally 
petaloid. 

SEMES I. HYPOGYNa:. 

Ovary superior, 
Sub-aerieg. ApocarpiB, 
Gynoecinm nsnally apocarpous. 
Coliort 1. Alismales. Marsli or water plants; flowers some- 
times nnisexnal ; seeds without endosperm. 

Order 1. Juhcaginej;. Flowers sometimes dicecions ; both peri- 
anth-whorls are sepaloid and inconspicnoas ; anthers extrorse ; 
carpels sometimes coherent ; the onter whorl of carpels is occasion- 
ally abortive ; ovnlea 1-2, anatropous, emla-yo straight. 

Triglocliin paliutrt, tlie Airow-giais, is eoimaon in marHhes and on the 
margin of pools: carpels coherent till matore. The Sowers are disposed apirallj 
in a long loose spike without bracts. Sehtuehteria paloMtrii is rarer ; it occurs 
in bogs ; the flowers ore sat in the aiils of disticboos bracts ; carpels free. 





Order 2. Alibhachx. Flowers sometimes monoecions; floral 
formnlaZS, 6'3,il3*+Oor3,or oo, (?3 -f 3 or od ; the outer perianth- 
whorl, which is sepaloid, is often coherent at the base ; the inner 
whorl is petaloid, white or violet ; anthers ostrorse or introrse ; 
carpels sometimes partially coherent ; ovnlea 1-3, campylotropons, 
embryo cnrred. 
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Aliima Plantago (Water Plantain, Fig. 176 B), has the floral formula K3, C3, 
AS' ; the niuneroaB, monomerous, one-ae«<ied OTaries are crowded on the bioail 
reoeptacle. The loaiit aiia of the iofloTMcence bears whoiU of branches which 
have a heliooid tami&oation. It is rather oouunon in damp spots, 

Sagittaria lagittafolia (the Arrowhead), with the floral formula £3, C3, J 
Aaa, 9 G_^, is monoscious. The flonera are disposed in trimeious whorU. the 
male in the apper and the female in the lower trborla. The antherB areextrorse. 
The ovaries, which are very nnmerons and one-seeded, are inserted on a fleshj 
receptacle. Onl; the s^ttate leaves and the inflorescence appear above the 



Order 3. Butomacex. Flowers never nnisexnal ; general floral 
formula the same as in Alismaceaa ; the inner whorl of the perianth 
ia petaloid; anthers in- 
trorse ; carpels distinct ; 
ovules numerous, with 
superficial placentation ; 
embryo curved. 

SuJomui umbellatiit ia the 
Flowering Raah (Figs. 176 J, 
177). The flowers, which 
have violet petals, have the 
following formula : £3, C3, 
AS> + 3, Gt!; they are ar- 
ranged in an nmbellate heli- 
coid cjme at the apex of the 
scape, which is about 3 feet 
bigli ; this and the leaves, 
' which are of about the same 
length, spring from an under- 
Btunana of the inner whorl ; o onter, and o" inner nhorl ground rhizome. The ovules, 
of carpels. (After sacbs.) which are nomerous, ora 

borne on the inner BUrface ol the carpels (Fig. 14B C). 
In the genns Limnoobaris the Btamens and oarpela are indefinite. 

Sub-seriet. Synearpce. 
Gyntecium syncarpous. 
Cohort 1. Commelynales. The inner whorl of the perianth ia 
petaloid; aeeds with endosperm. 

Order 1. Xtbides. Herbaceous sedge-like plants; floral for- 
mula K3, (73, A3 + 0, Q-^ ; anthers eitrorse ; ovary usually oni- 
locnlar, with parietal placentation. 
^Chese plants inhabit Bwampe in tropical or sub-tropical regions. 
Order 2. Gokuglthaces. Herbaceous plants; general Soral 
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f ormnla X3, (73, -43 + 3, G-^, but the nximber of stamens varies in 
the genera ; anthers usnally introrse ; ovary nsnallj trilocnlar. 

These are mostly tropical plants. Species of Commelyna and Tradescantia 
are cultivated as ornamental plants. 

Cohort 2. Li I i ales. The calyx and corolla resemble each other 
in texture, and are usually petaloid ; seeds with endosperm ; general 
fioral formula KS, C3, ^3 + 3, 0^. 

Order 1. LiLiACEiB. The flowers conform generally to the above 
formula, but 3 is replaced sometimes by 2 or 4: they are not 
zygomorphic ; fruit a capsule or a berry. 

Sub-order 1. Liliba, with a loculicidal capsule, introrse anthers, and united 
styles. 

In a number of genera the six segments of the 
perianth cohere and form a tube which ends in six 
more or less deeply cut segments (Fig. 178) : e.g., 
Hyacinthtis orientalis, the stem of which is ao under- 
ground bulb (Fig. 14 jB). Aloe has thick fleshy leaves; 
some species, aa AloB soccotrina^ have a strong woody 
stem, and are shrubs, or almost trees. 

There are also some among the very numerous 

genera in which the leaves of the perianth are distinct „'''*; ij^-^o^er of the 

Hyacinth: a a a the threo 
or cohere only for a very short distance from the base, q^^^^. i a the three inner 

which are of an aborescent habit ; for instance, the Begments of the perianth, 
species of Yucca, which are indigenous to Central which is tubular at the 
America. The others have underground rhizomes or ^**^®' ^^ (^*- ***®)- 
bulbs. These bulbs (see § 5 and Fig. 14 B) are, in fact, very short stems, covered 
with closely-packed eataphyllary leaves which are usually termed scales: so 
long as they are young, and not very vigorous, they send up only foliage leaves, 
which appear, year by year, above the ground ; but in the course of years the 
axis itself of the bulb elongates and bears a terminal inflorescence. After the 
flowering is over, this axis dies down, and a lateral shoot is formed in the axil 
of one of the scales which may either become a new bulb, or it may at once 
develope into a flowering axis, the lowest eataphyllary leaves of which are bulb- 
scales. Phormium tenax (the New Zealand Flax) has ensiform leaves, about 
three feet in length, springing from the rhizome ; their strong bast-fibres are 
used for various purposes. Lilium eandidum is the white Lily. L. bulbiferumt 
which produces bulbils in the axils of the upper leaves, and L. Martagon, the 
Turk's cap Lily, have bulbs. Fritillaria imperialis is the Crown Imperial, the 
flowers of which are surmounted by a crown of leaves. Tulipa Oesneriana is 
the Tulip. Scilla maritima has a bulb which is not subterranean. Of Allium, 
several species are in cultivation fqr culinary purposes, as A. Cepa, the Onion ; 
A. ascalonicum, the Shalot; A, SchoenoprasumtChiYeB; A.porrum^ the common 
Leek ; A. sativum. Garlic. The leaves of the various species of Allium are gene- 
rally tubular and hollow ; the flowers are disposed in spherical heads or umbels ; 
bulbils are occasionally produced among the flowers. 
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Sub-order 3. Ueunthies or Colohicea, iiitli & Beptioidal eapBale, ntaoll; 
eitroree antliere, and eeparste gt^'lea. 

Tofitldia paluitrit iia.i enailoim mdioiil leaves; the floweia, which are pale 
green, are disposed in a raceme on a acape ; it ocoiira in the north of England, 




FiQ. 179.— TbeandergraiindputotsSDwntDKptuitoICEiIchicummitiniinali. J Sean m 
troDti I: tbecorrai ^ •" (wtaphjllary leavea embnolng Uie flowar-KaUc i u&iM bue.trom 
which proceed (he loels, w. B Longitadinal section ; h 7i > brows membrajis which en. 
Telopa nil the nndergronni] pBTts of Cha olaal i tt Che flower uid leotitalk of the provlODS 
rear which haa died down, ila swollea Ijaaol portion (k) only rentunlng u a reserroir of food- 

olihe corm (b), cODBisting oTtheuli, from the bsae of which proceed the roota (icX and the 
middle part ol which (f) KwellB no io the nairt jear into a conn, the old corm (t) disappear- 
ing; dieaiiabeaiitheiheath-leBTeB(ti'j")and thafollage-leaTeB(l'I~li thefloweta(b bt 
are placed in the axlla of the uppenuOBt fbliage-leavaB, the axia itaelf terminating amoogat 
(he flowers. (After BoohB.) 

in tret places on monntaina, hat it is rare. Vtratram albnta and nigrum liave 
broad ovale leaves. Colehieum autumnale ia the Antnmn Croons: when it is 
flowering in the antnmn, the stem ia nndergrotmd ; it is at thia tiOie short and 
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slender (Fig. 179 k% attached laterally to the conn of the previous year's growth 
(/c), and bears a few imperfectly developed leaves (V I") as well as one or two 
flowers (b^ b^') : the ovaries of the flowers are also subterranean ; the six leaves 
of the perianth cohere and form a tube of some centimetres in length, which 
grows far beyond the ovaries and above the surface of the soil, terminating in a 
petaloid six-partite limb ; the stamens are attached in the upper portion of the 
tube. In the spring the imdergroimd stem swells at its base (ft') into a oorm, 
and grows upwards, so that the developing leaves {V V^ and the capsule rise 
above groimd ; a lateral shoot is formed at its base, which, in the autumn, 
produces flowers, and this repeats the process. 

Sub-order 3. AsPABAOiMEiB. The fruit is a berry ; anthers introrse ; styles 
united or distinct ; in the flower the parts are sometimes in twos or fours, 
instead of in threes. 

Dracana Draco, the Dragon-tree, has a stem which grows in thickness ; it is 
a native of the Canary Isles. Asparagus officinalis is the Asparagus ; the young 
shoots, which spring from the under- 
ground rhizome, are eaten. Convallaria 
majalis is the Lily of the Valley. Mai- 
anthemum bifolium has a dimerous flower. 
The species of Smilax are creeping shrubs, 
the leaves of which have reticulated vena- 
tion. Rtiscus aculeattts (the Butcher's 
Broom), and other species, are small 
shrubs, with leaf-life branches (phyllo- 
clades), on which the diclinous flowers 
are borne in the axils of minute leaves. 
Paris quadrifolia (Herb Paris) is poison- 
ous : the flowers are tetramerous, or 
exceptionally trimerons or pentamerous : yiq. 180.— Diagram of the flower of 
they are terminal, and the stem beneath Paris qua&rifolia : I the foliage-leayea ; ap 
bears four (or three or five) leaves in a the outer; ip the inner whorl of the peri- 
whorl beneath the flower (Fig. 180) ; the anthj (w outer j to inner whorl of stamens. 

lAitor Sachs.) 
venation of the leaves is reticulate. 




Order 2. Juncacejb. Floral fornmla, KS, C3, A3 + 3, (?®. 
Plants of a grass-like aspect ; they differ from the preceding order 
in the dry and glnmaceous character of the perianth. The leaves 
are linear or tubular ; the inflorescence is an anthela (see p. 214). 

The species of Luzula, which has a unilocular three-seeded ovary, muUiflora, 
pilosa, campestriSf and sylvatiea, are common in woods and on heaths. Junetu 
has a trilocular many-seeded ovary ; plants of this genus are called Bushes ; 
J, glaucus and efftuus have a tubular stem and leaves, and a terminal in- 
florescence which is displaced laterally by a tubular bract which appears to be 
a prolongation of the stem ; they are common in wet fields ; J. bufoniiu, by 
waysides. 



Order 3. Pontederucejb. Wator-plants of tropical America, 
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with a zygomorpliic petaloid periantli: in other respects they 
resemble the Liliacese. 

SERIES II. EPIGYN^. 
Ovary inferior. 

Cohort 1. Hydrales. Order 1. HYDROCHARiDACEiE. The flowers 
have a perianth, the inner whorl being petaloid, and nsnally conform 
to the monocotyledonons type, bnt with mnltiplication in the androe- 
cinm and gyncecinm ; formula ^3, C3, J3 + 3 +, (3^ (s + ...)•' The 
flowers are nsnally dioecious the female flowers have staminodia ; 
the male flowers have no gyncecinm bnt an increased number of 
whorls in the androecium. The seed has no endosperm. Water- 
plants. 

Tribe 1. Hydrillece, Ovary unilocular. Stem elongated, with whorls of 
small leaves. 

Elodea {Anacharis) canadensis came originally from North America, and has 
spread in our waters so as even to impede navigation in canals. 

Tribe 2. Vatlisneriea, Ovary unilocular. Stem short, with crowded 
leaves. 

Vallisneria spiralis inhabits the lakes and ditches of the warmer parts of 
Europe. The leaves are long, narrow, and linear. The female flowers are raised 
above water on long peduncles ; the male inflorescences break away from their 
peduncles and float about on the water to fertilise the female flowers ; the fruit 
ripens under water. 

Tribe 3. Stratiotidea. Ovary 6- (or more) chambered. Stem short, with 
crowded leaves. 

Stratiotes aloides (Water Soldier) has stiff narrow leaves. Hydrocharls 
Morsus Bana (Frog's bit) is dicecious ; the plant is small and floats on the 
water, with small roundly-cordate leaves. 

Cohort 2. Dioscorales. Flowers regular : floral formula Z3, 
03, -43 + 3, 6r^ : fruit a berry or a capsule. 

Order 1. Dioscorej;. The ovary is trilocular, with one or two 
ovules in each loculus : the flowers are dioecious. They are 
climbing plants, with large above- or underground tubers, and 
usually triangular leaves, with reticulate venation. 

Dioscorea sativa. Batatas and others, known as Yams, are largely cultivated 
in the tropics as a food rich in starch. Tamus communis^ the Black Bryony, is 
common in England. 

Order 2. TACCACEiE. The ovary is unilocular and many-seeded. 
The flowers are hermaphrodite. They are tropical herbs, and the 
leaves which spring from the subterranean rhizome have reticulated 
renation. 
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Order 3. BnoMBLUCEa;. E3, OS, AS + 3, (3). The ovaiy is 
superior, inferior, or semi-inferior, trilocnlar, villi many seedB 
The segmeatfi of the calyx are sepaloiiii those of the corolla petaloid. 
The leaves are usually long and narrow, sharply serrate ; the stem 
is generally very short. The flowers are hermaphrodite, and form 
spikes or panicles with bracts. 

Ananaita lativa (Ananas, Fine-applt). The frait is a berr;, and the berries 
of e&ch inQ ore scenes coalesce into a Bpnrions frait (soroBia), above whicli the 
aiis of the inSoreacenoe extends and bears a orown ot leaTes. In a state of 
cultivation the berries contain no seeds. It is a native of America, and is dolti- 
vated in all warm conntriea and in hot-housea. 

Cohort 3. Amomales (Scitaminen) The flowers are zygo- 
morphic or asymmetrical : general fprmnla, \\/ K3, C3, A3 + 3, G^ 
occasionally with a great reduction in the andrcecinm. Perianth 
wholly petaloid, or the calyx may be sepaloid; ovary trilocular. 
Fiiiit, a capsule or a berry. rTsually no endosperm, but abundant 
periflperm. They are tall herbaceous plants; the leaves are large 
and have pinnate venation. 

Order 1. Mhsacb*. H' K3, 03,-13 + 2, G-^. Perianth petaloid, 
irregular ; the anterior external member is usually very large, and 
the posterior always very small ; in Musa the five anterior members 
of the perianth are connate, forming a tube which is open pos- 
teriorly : the posterior stamen is sterile or absent, and the others are 
not always fertile. The sub-family of Heliconieee differs from this 
type in the atmctnre of the flower. They are all shrubs of colossal 
growth, with enormously long leaves : the flowers are nsually ar- 
ranged in spicat« inflorescences in the axils of lai^e and often 
coloured bracts ; sometimes several flowers spring from the axU of 
one bract. 

. 3 





Diagian ot aoww of T£am. TiA. 1B3.— Dlasnm ot the flower ol Zlogl- 



Uiua paradiiiaea (Plantain), M. Sapientium (Banana), and M. Eruett are 
natiteB ol the tropica of the Old World ; the two former are now diatribnted 
throughout America and applied to a great variety ol purposes ; the fmit, which 
is of the natare ot a beny, a an article of food, and the flbio-Tasonlar bandlw 
are used for making textile fabrics. 
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Order 2. ZiNGiBERiCBa;. ■^ £3, C3, ^ t 3 + 1 t 2, Q-^. Perianth 
zygomorphic. The three outer Btaminodes are connate, forming a 
leai-like three-lobed body, the labelWni, the anterior median lobe 
being much the largest. Of the inner whorl of Btamcne the posterior 
alone bears a perfect anther, the other two being transformed into 
email glandular bodies. The flower of Alpinia (Fig. 182 B) differs 
somewhat from this type in its stmctnre. There is a small amoant 
of endosperm in the seed, in a depression in the perisperm. 

jnguilifolia and 



Order 3. Marabtaceli or Cannacbx. SJ/ KS, OS,AfloT2 + If 
The andrcecinm is represented by a number of petaloid 
bodies, of which one only, the pos- 
terior stamen of the inner whorl, 
bears a nnilocnlar anther (Fig. 
183 it an) ; of the staniinodia one 
is larger than the others, and ia 
reflexed, forming a labellum (Fig. 
183 I) ; the narrow ones vary hi 
number in the different species 
(Fig. 183 a and j8). 

Canna iadiea and other EpecieB 1X9 
eouunonly gron'n aa ornBmental plants. 

Amylum Maranta, the starchy meal 
prepared fiom the rhizome ot Maranla 
anatdinacta-i is trae or West Indian 
siTovroot. 

Cohort*. Orchidales. Flowers 
niMrjpitbe zygomorphic, rednced in the an- 
mner whorl of ih8 paHanth : fl.ijiai rtths droBcium which IS adherent to the 

fsrtUeiUmffii, with (an) the uitber;! label- . ... ,. i 'i 

ium,aftiid^th6two.t.<niiicidi.. (After gynoecium : perianth petaloid. 
Bithier.) Formula, ^ K^ O^, A\ + 2, (?„]■ 

Seeds very small, without endosperm or perisperm ; the embryo a 
minute nndiSerentiated mass of cells. 

Order 1. Orchidex. The flowers of most of the genera have the 
formula\i'£3, C3, Jl + \%Qt^: those of Cypripedium, however, 
have the formula vj/ S3, 03, J t 1 + 2, G-bj (Fig. 184 A, B). In 
consequence of torsion of the ovary the flower ia generally so placed 
that the posterior side of the flower, instead of being uppermost, as 
is usually the case, comes to lie inferiorly {reiupinaie). The pos- 
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terior segment (petal) of the inner whorl, called the labellum (Fig. 
185, see also Fig. 155 0> ^ always lai^r than the others, and varies 
greatly in form ; it freqnently has a spTir (Fig. 185 sp) or a sac- 
shaped cavity (Fig. 155). The filaments of the three stamena 
adhere to the three styles ; they together form the gynoitemium 
(Fig. 155 S, Fig. 187 iJ and C gs). The fertile stamen beara a 
bilocnlar anther which, by the absorption of the septnm often ap- 
pears to be nnilocalar, and in rare cases is qnadrUocnlar ; the othor 
two members of the androecinm are staminodia (Fig. 155 x) and 
Bometimes are only represented as small tooth-like prominences 
(Fig. 184). In some genera the pollen-grains are separate from 
each other, in others they occur in gronps of fonr (tetrads), and in 
the majority they are nnited into a mass which fills an entire 
pollen-sac (Fig. 185 p, 156 y). In the latter case pollination 
ia always effected by the agency of insects ; the two pollen-massea 




padimni tbe ahadsd it 



/ tbfl tvrUted Diary ; q 
pDrianth IflATea ; i i tvo of tJui Inmc 
thirH innsr perlanUi leaf, the labelli 
(q>) Che BpuT; fl Btigma; p poUen-a 



the threa oatet 



(pollinia) become attached to the proboscis of the insect by means 
of a sticky part of the stigma, the roetellum (F^. 155 A), and are 
conveyed to another flower on the stigma of which they are de- 
posited. In many foreign forms these arrangements for cross-fer 
tilisation are much more complicated. The ovary is unilocular j it 
contains nnmeroas anatropons parietal ovules. 

The indigenOHs species have nndergnmnd rhizomes or tnbers. 
Two tabers are nsnally present : the older one, which, at the time 
of flowering, becomes flaccid (Fig. 186 A and B, 1), throws np the 
flowering scape (Fig. 186 s) or, in young plants, a short under- 
ground stem which produces only leaves above ground. At the 
upper end of this tuber another much firmer tuber is formed (Fig. 
186, 2), bearing at its apex the bud of the next year's stem (K). 
The tnber is to be regarded as a lateral bud which coalesces with 
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its first root (or more than one, Fig. 186 B) and then inoreaiieB in 
size. The lower end of an nndiyided tnber, as well as the ends of 
palmate tubers, has, in the ^ oaug' state at least, the same Btmctnre 
OS the apex of a tme toot. 




Orcltit Xorio, and militari> 




Fia. 187,— Flower af CvpHptibtm 



OTsl tnbers (Fig. 186 A], O. 
latifolia and incaraata hare palmate tabeii 
nmning out into roots (Fig. 186 B) ; tliey 
ocoor in damp meadows. Oymnadenia 
eatiopita has long spikes of floweiB and 
palmate tnbers ; it oeoara ia voods and on 
heaths, Ophryi muacifera, apifera, and 
aranifera have floweri regemhUng insectB ; 
they oDocr, bat aia not common, on cbaDc 
paataies. CtpJiaUtnthtra nilii'ri, EpijmctU 
l/iiifolia,lmd others, have creeping rhizomes; 
the; ate found in wooda. Gorallorrhiai 
innata has a coral-like, branched, nnder- 
groond rhizome, with no roots. EpipogUim 
Omttini has likewise do roots; botb these 
forms are deroid of chlorophyll, and grow on 
hamns in forests. Stoitia Nidtu-avii also 
U withont ohlorophyll, and lives on bmnna 
wooda; it has a fleshy rhizome thickly 



Caluoliu: p p tLe leaves of tta peri- be«et with roots whioh grow in a tangled 
■nth bave been cut away. A Side ^^^ y^^^ ^ ^^^r^ „ga[_ Cupriptdium CaU 

f OYory, (. B7n"t«n.imni . a the «"'«*' ^'' ^^7'" ^''PP'"' 8™"= ■" °">'^- 
(wo tartiia sMmensj • Btaminode; n tain-woods; it has a oreeping rhizome and 
stigma. (After Suhi. broad ovate leavet; the perianth is of a 

leddish-biown ooloor, except the labellnm, 
which ia yellow, and tomu an inflated sac. The whole atrnctnre of the flower 



U nnlilce tlist abore desoribed ob typical for most of the genera; the two 
BtamenB, iFhich in other genera are reduced to staminodia. a^ fertile (Fig. 167, 
a, a, aai oomp. Fig. 164), and the anterior stamen, which in moat cases is the 
only fertile one, is here a large staminode (Fig. 187 «). 

A still greater variety of forms is foimd amaag the tropical genera and species, 
irhich for the most part grow apon trees (epiphytic) and throw ont large aerial 
roots. Manilla plani/olta and other species have a long pod-like fruit which is 
well kDowa for its perfnme and fiavonr, as Vanilla. Tanda, Onoidium, Phajas, 
and other geuera are extenairely ooltiTated in hotltonses for their beaatifol and 
often fragiynt flowers. 

Cohort 5. Narc!ssales. Flowers regular or zygoinorphic : nob 
less than three stamenB in the aadrceciniu. : porituith petaloid : Beads 
with endosperm. 

Order 1. Ahakylude*. K3, 03, ^3 + 3, or 12 to 18, %. The 
flower ia occaaionally zygomorphic and narrowly fnnnel-sliaped ; 
anthera introrse. The fmit is nsnally a trilocnlar locnlicidal 
capsnle, aometimes a berry. 

Alstrcemeria has a leafy stem 
and the habit of the Lily. The 
other genera have a very short, 
sometimes bulbons stem, and a 
long floral aiis. Amarylli$ /or- 
tnoaa is an ornamental plant, 
with large tubular tnnnel-sbaped, 
nnequally toothed flowers. Oa- 
lanthui nlvalii is the Snowdrop; 
L'.uecjtim vtrnam, the Snow- 
flake. NuTciitai piitidO'Narciiiai 
(the Daffodil), poeticui, and 
other species are f avonrite garden ' 
plants. The lignln of the s 
s«f^eAts of the perianth cohere 
to form the tnbniar corona. 
Agave anuHcana, commonly 
known as the false Aloe, is a 
native of Mexico, but has been 
naturalized in Soathern Europe. 
The short stem bears a large 
rosette of very thick and prickly 
leaves; when it has attained a 

Buffioieat vigonr — in Boothern _.,„_, J"^ _ , ,_, ^ , 

° , ° , , ■ ■ . ''•■ 1«8— DiMram ofths flower of Iris, and tIow 

Europe, after from fen to twenty ^ th, tEme Ma the removal of tHe perianth : • 

yeare— it throws up an axis of pwlunole j/ inferior ovorj ; rtobalarporUon of the 

some yards in length, which perianth; fa the insertion of (he onter, pi of the 

branches very much, and bears inn" leavoi of the perianth ; .t itMnens ; ■■ulhtr, 

alaiuenumberof flowers, which —"»«>«. p«»loid stigma. («t.d»). 
are arranged aomewbat in the lorm of a pyramid. 
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Order 2. Irivzm, KS, CSy j13 + 0, G^. The flower is 6ome> 
times zjgomorphic : syithers extrorse : the fmit k a trilocuLur 
locnlicidal capsule. 

In», the Flag, has a horizontal nndergroand rhizome, which throws i^ 
leayes whieh are expanded in their median plane, and scapes iHiieh bear the 
flowers. The stigmas assome a petaloid aspect, and hj their concaTe onter 
surfaces coyer oyer the stamens which are <^rpo6ite to and b^w them (Fig. 
188). 

Iris pumila, germanica, and others are fayoarite garden plants. J. ptemdacanu, 
the Yellow Flag, is common in ditches. Gladiolus has an nndergroand bulbous 
stem and a tall, many-flowered scape ; the flowers are usually zygomori^c ; 
G, communis (illyricus) occurs wild in England. Crocus, from which saffron 
is obtained, has an tmderground corm, from which grows a yery short under- 
ground stem ; this bears the leayes which rite aboye the ground, and terminates 
in a flower, the oyary of which is subterranean : the tube of the perianth spreads 
out aboye the ground into a six-partite limb, at the base of which the three 
stamens are inserted. 

Class X.— DICOTYLEDOXS. 

The embryo hag two opposite cotyledons; the endosperm is frequently 
absorbed before the seed is ripe. 

The ripe seed sometimes contains a large mass of endosperm and 
a small embryo, as m the XJmbellifersB and Enphorbiacese ; fre- 
quently the embryo is relatively large and the endosperm occupies 
only a small space, as iu the Labiatae ; or, finally, the endosperm 
may be wholly wanting, and then the embryo fills the whole cavity 
of the testa, as in the Horse-chestnut, the Leguminosae, and the 
Compositfle. 

The embryo usually has distinct members, consisting of an axis 
and two opposite cotyledons; in rare cases, e.g,y Corydalis, only 
one cotyledon is present, or abnormally three may occur, as is 
occasionally the case iu the Oak and Almond. The cotyledons 
usually constitute the greater portion of the embryo, as in the 
Leguminos89 (Fig. 189 A c) and the Horse-chestnut, where they 
are thick and fleshy. The stem (cauUcle) bears at its apex above 
the cotyledons either a bud consisting of several leaves (plumule), 
m in Vicia (Fig. 189 Kn), or it is naked. In parasites and sapro- 
phytes which are devoid of chlorophyll, and which have very small 
seeds, such as Pyrola and Orobanche, the embryo is quite undiffer- 
entiated, and it consists of only a small number of cells. 

On germination, after the testa is ruptured, the hypocotyledonary 
portion of the axis elongates so as to push the root out of the seed ; 
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tbe root immediately begins to grow rapidly and attains & comuder- 
«ble length (Fig. 189 B h), whilst the remaiuder of the embryo is 
etill coateined in the seed. The cotyledons may either remaio 
enclosed in the seed during the whole process of germinaijon, and 
perish so sofm as the nutritions snbstances contiuned in them have 
been absorbed by the plant {e.g., Horse-chestnnt and Yicia, Fig. 
189), their petioles at the same time elongating so that the pinmtilei 
which at first is bent inwards, is pushed ont and subsequently be- 




V>9. !».— 7ia<a Fobs, Clie Bun. A B«*cl wilh one ol 
ttaecoCjIedonBremoiedi a Ibe remBialss cotyledon 
ic mdiclei kn plamals; > tewo. B OermlDating teed 
• t«M; la portion ot the t«Ma t«n any ; « bllum 
•I petiole ot one of tbe cotyledons ; i cnrvad epi- 
ootjledonary portion of tbe uie ; he the very short 
bypoeotyledonMj portion o( tbe aile ; Ii tie primary 
root) in iu apei) Icn bad in Iba uil of one of lb* 




Fib. 190.— BeedliDsorthelfairie 
(nat-slae); c c the retyiedone ; In 
tbe plamnle; he the hypoooty-^ 
ledonary portion of the adij « 
primary root; Jt root-bain. (Um 
iDirer part i* ont otf]. 



comes erect ; or, as is more generally the case, the cotyledons escape 
from the testa (Fig. 190), become green, and act as the first leaves 
ot the yoang plant. 

The axis of the embryo frequently persists as the main axis of 
the plant, which grows in length and produces numerous less 
vigorous lateral shoots ; but it often happens that some of fJiese 
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lateral branches sabseqiientl j grow as yigoiorislj as tiie main axis : 
when this is the case, and when also the lower and feebler shoots 
die oSf a head, such as is common in forest-trees, is the result ; in 
the case of shmbs, yigorons branches are formed qnite low down on 
the main stem. In many forest-trees the stem (tmnk) and branches 
form a sympodinm, the uppermost lateral bud growing each year 
in the direction of the main axis, which does not itself develope 
any further (§ 6) ; besides these there are many and very various 
arrangements by means of which the life of the individuid is trans- 
ferred to new lateral shoots ; such as the formation of rhizomes, 
runners, tubers, and sometimes of bulbs, on stems and roots. 
When the axis of the embryo continues to be the main axis of the 
plant, the primary root also developes greatly, and forms a tap-root 
from which the lateral roots grow in acropetal succession ; in cases 
in which the growth in length of the tap-root is limited, numerous 
adventitious roots spring from its older portions ; these may agaLa 
give rise to lateral roots, and by a repetition of this process an 
elaborate root-system is formed. 

The fibro-yascular bundles of the stem are almost always open, 
and the growth in thickness of the stem is effected by the activity 
of the cambium-ring which is formed (§ 26). In certain cases, 
there are, in addition to these fibre- vascular bundles which together 
form a ring, other isolated bundles which traverse the stem longi- 
tudinally, as in Begonia and Aralia ; even more complicated modi- 
fications in the arrangement of the bundles occur in Piperacese, 
SapindacesB, MenispermacesB, Phytolacca, etc* 

The branching of the stem is invariably monopodial (§ 6) and 
almost always axillary. Those cases in which, as, for instance, in the 
racemes of the Cruciferce, the bracts are suppressed, are obviously 
not exceptions to this rule. 

The leaves exhibit infinite variety both in their relative position 
and in their form. The foliage-leaves almost always consist of 
petiole and blade; sheaths which surround the stems are com- 
paratively rare, but stipules, on the contrary, are very common. 
Branching or segmentation of the leaves is common and is frequently 
indicated by the incision of the mai^^. The venation of the leaves 
is characterized by the presence of a large number of veins which 
project on the under surface, except in thick fleshy leaves, and 
which frequently anastomose ; a midrib is almost always present, 
giving off lateral branches to right and left. 

The flowers, when they are lateral, are usually fujmished with 
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two bracteoles; they differ very considerably ia tbeir stractnre 
and cannot be referred to any one type. The following are the 
principal forms : 

1. In a considerable nxunber the perianth, which is simple, and 
the andrcBcinm are isomerons, consisting of fonr, five, or six mem- 
bers ; their arrangement is either spiral (-|), or whorled so that the 
stamens are always superposed on the leaves of the perianth ; the 
latter are all similar and are sepaloid. Formula P5 | AB, or JPn 

+ n, iln + n, where n = 2 or 3. This structure prevails in some 
of the MonochlamydeaB (IJrticales, Amentales, Quemales). 

2. In a second group, all the parts of the flower are arranged in 
a continuous spiral ; the perianth may consist only of a calyx, or a 
corolla may be developed in place of the external stamens ; when 
this is the case it alternates with the calyx, provided that it is 
isomerons with it, as in most Ranales. 

3. With these two types are connected by many intermediate 
forms those flowers in which the biseriate perianth and the stamens 
are in whorls ; their formula is Eh, On, ^n + n, where n usually ~ 
5 or 4. This is the most common type of the structure of the 
flower; it occurs in most Polypetalas and GhunopetalaB; it may be 
modified either by the suppression of one (usually the inner) 
whorl of stamens, or by their multiplication, their branching, or 
their cohesion, or by the suppression of the corolla. 

4. Finally, there remain certain flowers which cannot be directly 
referred to either of the above tyx)es, and they must therefore 
be left unexplained for the present, and the relationships of their 
families must remain uncertain. 

The sub-divisions in which the Dicotyledons are arranged in the 
following classification are especially characterized by peculiarities 
in the structure of the flower. It is impossible, however, to draw 
sharp distinctions between the sub-divisions, the orders, and some- 
times even between the families, for the position of a plant in the 
system depends not upon any one character, but upon the aggregate 
of its chaxucters. 
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PART lY. — THE <2<ASSIFICATK>N OF PLANTS. 



SUB-CLASS I. MONOCHLAMYDEiE. 

SERIES I. HYPOGYNJS. 



Cohort 1. Piperales. 

Order 1. Piperaceje. 
Cohort 2. Urticaies. 

Order 1. TJRTiCEiE. 
2. Morej:. 

3. CAin!(ABINE£. 

4. XJlmacej!. 

6. PLATANEiE. 

6. Ceratophtllex. 
Cohort 3. Amentales. 
Order 1. BETUiiACEiE. 

2. Mtricaceje. 

3. CASUARiNKa:. 

4. Salicinrs. 
Cohorts. Euphorbiales. 

Order 1. EuPHORBiACEiB. 

2. BUXJNEJ3. 
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Cohort 5. Daphnales. 

Order 1. Thymelj;ace^. 
2. Eljiagnacej:. 

3. PfiOTEACEiE. 

4. Laurine^. 

5. Myristicej:. 
Cohort 6. Chenopodiales. 

Order 1- CHENOPODiACEiS. 

2. Amarantace£. 

3. Phytolaccacej:. 

4. NYCTAGINEil. 

5. POLYGONKfi. 

Cohort 7. Nepenthales. 
Order 1. Nepenthes. 
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BEBIES n. EPIOTNiB. 



Cohort 1. Quernales. 
Order 1. JuQLANDEiE. 

„ 2. CORYLACEJS. 
„ 3. CUPULIFERJI. 

Cohort 2. Asarales. 

Order 1. Aristoloohisa. 
M 2. CrTiNACKfi. 



Cohort 3. Santalales. 
Order 1. Santalaces. 

2. Loranthacej:. 

3. Balanofhorej:. 
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SUB-CLASS n. GAMOPETALffl. 

SERIES I. HYPOGYN-E. 



Cohort 1. Lamiales. 
Order 1. Labiatj:. 

2. VERBENACEiE. 

3. GLOBULARIEiE. 

4. Plaktaginea. 
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Cohort 2. Personates. 

Order 1. Scrophularine^. 

2. BlGNONIACES. 

3. Acanthacej!. 

4. Gesneracej!. 

5. Orobanchrs. 

6. LSNTIBULARIEiB. 
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Cohort 3. Polemoniales. 
Order 1. Convolvulaceji. 

2. CuscuTEj;. 

3. Polemoniacej:. 

4. solanacrs. 

5. boraginej! (as- 

perifolls). 
Cohort 4. Gentianales. 
Order 1. Gentianej:. 

2. LOGANUCEJ!. 

3. APOCTNEiE. 

4. asclepiadej!. 

5. Oleace£. 

6. Jasmines. 
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Cohort 5. Ebenales. 

Order 1. SAPOTBiB. 

2. Ebenace^. 

3. Styracejs. 
Cohort 6. Primulales. 

Order 1. Primulacejb. 
2. Mtrsineje. 

3. FLUMBAGQfE^* 

Cohort 7. Ericales. 

Order 1. Ericaceae. 

2. Epacridej:. 

3. Ehodoracej:. 

4. PrROLACEiE. 

5. MONOTROPEJE. 

6. VACCINIEiB. 
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Order 1. Eubiacej!. 

2. Caprifolucea. 
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SERIES n. EPIGYNiB. 

Cohort 1. Campanales. Cohoi*t3. Rubiales. 

Order 1. CAHPANULACEiB. 
„ 2. LOBELIACEJS. 

Cohort 2. Asterales. 

Order 1. VALERiANEiE. 
2. Dipsacej:. 

3. COHPOSITiE. 

SUB-CLASS III. POLYPETALiB. 

SEBIES I. CALYCIFLOR£. 
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Cohort 1. Umbeilales. 

Order 1. Umbelliferje* 
„ 2. Aralucea. 
„ 3.. cornaceje. 
Cohort 2. Ficoidales. 

Order 1. Cactejb. 
„ 2. Aizoaceji (Fico- 

IDE^). 

Cohort 3. Passiflorales. 
Order 1. Passifloracejb. 

2. Papayaceje. 

3. Begokuceje. 

4. CuCURBITACEiB. 
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Cohort 4. Myrtales. 
Order 1. Okagragejb. 
2. Lythrarieje. 

3. MTRTACEiE. 

„ 4. Ehizophoracea. 

Cohort 5. Resales. 
Order 1. Rosacea. 

2. Leguminosje, 

3. CRASSULACEiE. 

4. Saxifragacea. 

5. Droseracea. 

6. Hahahelidej:. 

7. Haloragideje. 

8. HiPPURIDEJB. 

9. CALLITRICHINEiB. 
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ctkasmcknos or flasib. 



8EBIES IL DISCIFLOR£. 



Cohort 1. 8apindales« 

Order 1. Sapqtdackjl 

f, 2. ACEBDFE^. 

ff 3* TXBEBIBTHACKS 

(Ahacasdiacejb). 
„ 4. Stju^htlsacea 
Cohort 2. Celastrales. 

Order 1. Celastbihex. 
M 2. Bhamhejs. 

M 3. AMPELIDEJi. 

Cohort 3. Olacales. 

Order 1. IxiciHEfi (Aqui- 
folucea). 
M 2. Empetbes. 
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Cohort 4. 

Order 1. Gebasiacsm. 

yy 2. LiHKS. 

3. EBTTHBOXTLE& 

4. OXAT.TDEat. 

5. Balsamihea. 

6. TBOPfOLEiB. 

7. Ztgofhtllejl 

8. butacejs. 

9. Melucejb. 
10. Sdcabubea. 

11. B<rBSEBACE& 
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8EBIES nL THATiAMTFLOBA 



Cohort 1. Malvales* 

Order 1. Tiliace^. 
if 2. Stebculucea 
yy 3. Malvacea. 

Cohort 2. Guttiferales. 

Order 1« Htpebicines. 
„ 2. Elativea. 

3. TEBKSTB<EMlACEiB. 

4. Clusiacejb (Gut- 
tifeba). 
^ 6. Diptebocabpea. 
Cohorts. Caryophyllinas. 

Order 1. CABTOPHTLLACEil. 

2. POBTULACACE^. 

3. TAMABISCINEiE. 

Cohort 4. Polygalinas. 
Order 1. PoLTGALAOEif. 

M 2. PlTTOSPOBEJB. 
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Cohort 5. Parietales. 

Order 1. Papatebacejb. 

2. FVMABUCEfi. 

3. Cbucifebs. 

4. CAPPABIDEfi. 

5. BESEPACEiB. 
„ 6. CiSTIKEiE. 

^ 7. BcLACEiE. 

„ 8. ViOLABIRfi. 

^ 9. SABBACENIACEiB. 

Cohort 6. Ranales. 

Order 1. BANUKCULACBiB. 

P, 2. MAQNOLUCEJ!. 
P, 3. CALYCAirrHACEA. 

4. Ntmphjiaceje. 

5. Menispebmacejs. 

6. Bebbebideje. 
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SUB-CLASS I. MONOCHLAMYDEJS. 

The flowers usually have a simple sepaloid perianth^ or it may 
be absent ; they are usually diclinous. 
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SEBIEai. HYPOQYSM. 
Ovary superior. 
. Cohort 1. Piperales. The flowers are usually hermaplirodite, 
and they are arranged in a spike or a spadix, with bracts ; perianth 
usually absent, Ovnle ortbotropouB, solitary, basal, or suspended; 
in rare cases there are several pariet^ oToles. The embryo is 
small and lies imbedded in endosperm, in a depression of the abun- 
dant 3)erisperm. 

Order 1. Pipeiuceje. Ovary tmilocnl^ 
with a single orthotropons, erect, central 
ovnle. The inflorescence is a long spadiz, 
with peltate subtending bracts (Fig, 191/, 
below), in the axils of which the flowers ^re 
situated. The flower consists only of an 
ovary (Pig. 191 /, above) and six, three, or 
Bometimea two stamens ; the fmit is a berry. 

Piper nigrum is a oUmbiug shxiib belonging to 
the East ladies ; the uoripe dri«d traits are black fia. lai.— Pari or the ipo- 
pepper; white pepper consiBtB of the ripe fruits o( ^^ °' Pip«romia, irit* ■ 
the aame plant, whioh, after Maceration, are freed ^''™ ' { tt»lo») tho mb- 
.. , ' . teadinB bmcti • « the two 

from their outer ooat. ,iwmm, / (abOTe). ovary; i 

Cohort 2. Urticales. Flowers nsuaUy "'^"'"'"i*^"^' 
diclinous, in inflorescences of various forms : perianth osnally pre- 
sent, simple^ sepaloid, consisting of five or four (2-1-2) segments; 
stamens opposite to the segments of the 
perianth excepting in the Platanera (Order 
5) ; OTuy monomerons, Dsually luulocolar, 
a second rudimentary carpel being usually 
present in the form of a second style ; omle 
solitary, in different positions- Seed com- 
monly containing endosperm. The inflor- 
escences in Orders 1-3 are usually situated 
(wo together at the base of a modified shoot 
which springs from the axil of a leaf, and o 
they are cymose (Pig. 192). The leaves •" *^ '»" "' -""'' ^ ">« 
are generally hirsute. ,hioh a» ih« inflorM«iio« 

Order 1. TJbtices. Ovnle central, ortho- W. wiinont any uraow (oat 
tropoDB, erect. Seed containing endosperm. 

They are mostly herbs or shmbs without milky juice and fre- 
quently provided with stinging-hairs: leaves alternate, stipulate. 
Flowers polygamous, moncsciona, or dicecions, in paniculate oi 
glomerulate inflorescences. 
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Urtiea ureiu and dioUa (Stiiigiiig Nettles) axe loiawn bj the stiiigmg 
wbkh azc dutribated orer their whole sniiaee : the two outer segments of tL« 
penanlh of the female flower are laiger than the inner segments (Fig. 193 B). 

In the former Epeaes the male and lemaLi 
flowers are eontained in the same panide, and 
the floral axis is bnt feebly derdoped; in the 
latter they are on different plants, and the axis 
is well dereloped and bears leares. Bokmeria 
nivea, a natire of China and Japan, has strong 
bast-fibres used for wearing the material known 
Tig, m.^A Male ; B female ^ England as Graes-cloth. Parietaria ereeU, 
flowers of the fSUnginis NetUe, baring poljgamons flowers with a gamof^jd- 
Unica: p perianth ; a stamen; n' long perianth, and destitute of stinging-hairs, 

occurs occasionally on walls, by roadsides, etc 




mdimentary orary of the male 
flower; op onler; ip inner whorl 
of tbe periao^; n stigma of tbe 
female flower (mag.). 



Order 2. Morks. Ovnle suspended, 
anatropofns or campylotropons, more 
rarely basal and orihotropous : seed witli or withont endosperm ; 
the fruit is enveloped by the perianth, which becomes fleshy, or by 
a fleshy floral axis. Trees and shrabs with milky jnice, scattered 
leaves and deciduous stipules. 

Morui alba and nigra (Mulberry) come from Asia ; the flowers are disposed 
in short catkins ; the catkins are borne singly on shoots which, at the time of 
flowering, are still buds, and they contain flowers of one sex only (but the 
flowers are monoecious) ; the female flowers give rise, as ripening takes place, 
to a spurious fruit (sorosis), consisting of. spurious drupes formed by the 
perianths. The leaves, particularly of the former species, are the food of the 
silk-worm. Braussonetia papyriferia (Paper Mulberry) has flowers like the 
preceding, but they are dioecious. The bark is made into paper in China and 

Japan. Maclura tinctoria, in Central America, yields 
Fustic, a dye. Ficus Carica is the Fig-tree of Southern 
Europe ; the fig itself (termed a syconus) is the deeply 
concaye axis of the inflorescence, on the inner surface 
of which the flowers and subsequently the fruits, in 
the form of hard grains (achenes), are borne (Fig. 194 
mf) ; the cavity is closed above by small bracts (Fig. 
194 b). Ficus elastica is the Indian-rubber tree ; it is 
frequently cultivated in rooms. F. religiosa and other 
East Indian species yield Caoutchouc, which is their 
inspissated milky juice (latex). Artocarpus incisa is 
Fis. 101— Longitndtnal the Bread-fruit tree of the South Sea Islands ; the large 
section of a Pig (nat. titeh spurious fruit (sorosis) of this tree is roasted and eaten 
a a fleshy axis of the in. ^^ ^^^^ Qalactodendron utile, the Cow-tree of 
florescence;/ female; »»_,,.- . .,, , , , ., , 

male flowers • b bracts. Columbia, has a nutritious latex, while that of Antiarii 

toxicaria (Java) is poisonous. 
Order 3. Cannabinea. Ovule suspended, campy lotropone! 





tbe Hop : p 



it is ODcIosed in iU 
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riowera dicecione, in panicled infloreHcencea. The male flowers 
(Fig. 195 ^) have a 5-partite perianth and 5 short stamens; the 
female flowers have a tabular entire perianth (Fig. 195 B p) 
encloeed in a bract (Fig. 195 B d), 
Herbs with decussate leaves— at 
least the lower ones — and per- 
sistent stipules ; devoid of latex. 

Cannabli lativa, the Hemp, is a natiie of 
Asia, onltiTBtfld thionghont Europe. Tha 
male inSoraacenees toe psnloled diehasift 
or aoorptoid ojme*, and ue dupoaed on 
both Bides of a mdimentar; shoot at the ^'^- l^-- 
apei of the plant ; the female flowers are "" P^' 
placed lingly on both sides of a dmilar ,o_n,^ ^J 

shoot, whioh bears saeoDdar^ ihoots in bract (d)n ioan,*.!., one or Qis two Wi- 
the aiils of its UaTei, eadt having two palea. rroni th« oammon aiil of nbich the 
flowers. The tongh bast-fibres are osed branch baring the flower, springs. 
in weaving and for ropes ; the seeds contain a great deal of oil. /fitinuliu 
Lupului, the Hop, is both onltlv&ted and found wild. The stem, which haa 
the peoaliarit; of twining to the right, beare its leaves in pairs, each of whiob 
has two pain of membranous stipules. In Qie infloreecenoe the bracts are 
placed singly, and are finally represented only bj theii stipules. In the female 
inflorescence, which hsa the appesjaQoe of a fir-cone, a mdimentary shoot is 
present in the aiil of each pair of stipoles which bears two flowers on each side; 
it seems at first sight as if two flowers were developed in the axil of each stipule 
(Fig. 19S B). All the biacts are covered, espedall; on (he nppec surface, with 
nnmeroas yellow glands. In the male Infloresoenoe the shoot which bears the 
flowers is well developed. 

Order 4. ITlmacej. Ovnle enspended and solitoiy. Flowers 
mostly hermaphrodite, with a 4-6-partite 
perianth (Fig. 196 A). Woody plants devoid 
of milky joice: leaves alternate, with decidn- 
oos stipules. The inflorescences (glomemles) 
are borne directly in the axils of the leaves. 

In the genns ITlmDB the hermaphrodite flowers 
are fascicled in the axils of the leaves of the previous mmw «iii]wirli (m^.}i 
year, and they are invested by bnd-scaJea ; one or bnct; p perianth; a ■tami 
more flowere are developed in the mU of the inner- » ^"1' («ra«ra) [nat, .!■ 
most Boale before the opening of the leaves, 
ovary is bilocnlar. The fruit is a samara, that i 
achene with a broad membranous wing (Fig. 196 B). The leaves are alternate, 
and always oblique. The annual shoots have no terminal bod, and so they form 
a aympodiom. Two spedes of Elm are indigenous in England. UlnUJ campet- 
Iris, the common Elm, and Vlmiu monlana, the Wych oi Mountain Elm : the 




(wing). 
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former has rather slender branches, leaves with distinct petioles and serratd 
margins, somewhat narrow at the base, and a seed which is above the centre of 
the samara ; the latter has thick horizontally spreading branches, leaves with 
very short petioles and doubly serrate margins, broad at the base, and a seed 
which is central in the samara. Celtis australiSf from Southern Europe, and C. 
oceidentalis, from North America, are often cultivated as ornamental trees; 
their flowers are polygamous, and they are placed singly or several together 
in the axils of the oblique acuminate leaves : the ovary is unilocular : the fruit is 
a drupe. 

Order 5. Platanbjs. The diclinous flowers are arranged in 
glomerules borne laterally on pendulous branches. In the male 
glomerules a number of stamens are present together with scales 
which probably represent the several perianths: in the female 
glomerules there are similar scales among which are the unilocular 
ovaries, each containing a single suspended orthotropous ovule. 
They are trees destitute of latex, having scattered leaves and per- 
sistent sheathing stipules. 

Platanus occidentalUt from North America, with three-lobed leaves, and 
P. orientalist from the East, with usually five-lobed leaves, which are often 
cuneiform at the base, are frequently cultivated (especially the former). The 
smooth bark, which is shed in flakes, is very remarkable. The Plane may be 
at once distinguished from the Maples, which resemble it a good deal in the 
form of the leaf, by the scattered arrangement of the leaves. 

Order 6. Ceratophtlleje. Submerged water- weeds of doubtful 
affinity, with whorled, sessile leaves dichotomously divided and 
subdivided ; in the axils of some of these the diclinous monoecious 
flowers occur. The male flowers consist of from 6-12 perianth- 
leaves and about as many stamens; the female flowers have a 
similar perianth and a xmilocular ovary with a single suspended 
orthotropous ovule. 

Ceratophyllum demersum and suhmersum occur submerged in ponds and 
ditches. 

Cohort 3. Am en tales. The flowers, which are always dicli- 
nous and generally monoecious, are arranged in catkins (amenta). 
The perianth, when it is present, consists of five, four (i.e., twice 
two), or six (i.e,y twice three) segments ; the stamens are generally 
superposed on the segments of the perianth. The ovary is usually 
superior, di- or tri-merous, with numerous ovules. The fruit (with 
the exception of Order 4, the SalicineaB) becomes by abortion one- 
seeded, and is indehiscent: the seed has no endosperm. The 
flowers are furnished with bracts which often form investmenta 
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for tlie fmit : tKeir arrangement in tKe first three families is a^ 
follows : in the axil of a primary scaly bract (the primary bracts 
being arranged spirally in the amentum) is a flower (b) with two 
bracteoles a and P, in the axil of each of which is another flower 
with two more bracteoles a and ^ (I^ig. 197). They are trees 
and shrubs. 

Order 1. Betulacks. The flowers are monoecious, but in dif- 
ferent catkins. The female flowers have no perianth : the ovary 
is bilocular, with two ovules : the fruit is one-seeded, indehiscent, 
without any investment : the primary bract is coherent with the 
two or four bracteoles (the bracteoles a' are always absent) to form 
a thre^ or five-lobed scale, which does not adhere to the fruit. 



ff' 



a' 



4 ® ® ® 



J' 



Fie. 197.— Diagram of a group 
of flowers in a typical amentaceous 
plant; d primary bract; h the 
median flower, with the secondaiy 
bracts (bracteoles), a and ^; V V 
the two lateral flowers, with the 
tertiary bracts, a' and p'. 




Fie. 198.— il Scale from a male eatkin of 
Alnut tncana : the axillary branch adheres to 
the scale {b\ it bears four bracteoles and three 
flowers: two of the flowers are seen laterally 
(b' V), the median one from above ; p perianth ; 
a stamens. B Scale (s) of a female catkin of 
the same plant : its axillary branch bears two 
lateral branches, each of which bears two 
bracteoles (v v) and one flower; / the ovary ; 
n the stigmas (magnified and diagrammatic). 



Alnns, the Alder. In the male amenta three flowers with four bracteoles 
occur in the axil of the primary bract, each flower having a perianth of four 
segments and four unbranched stamens. In the female amenta the median 
flower is absent ; the four bracteoles coalesce with the primary bract (Fig. 198 
Bv i)io form a flve-lobed woody scale which persists after the fall of the fruit 
which is not winged. The male catkins are borne terminally, and the female 
laterally on the highest lateral branch, on the shoots of the previous year ; they 
are not enclosed by bud-scales during the winter, and blossoming takes place 
before the opening of the leaves. The leaves have usually a I arrangement ; in 
A. ineana, the white Alder, the leaves are acuminate and gray on the under 
surface ; in il. glutinota, the black or common Alder, they are obovate or even 
emarginate and green on both surfaces. In Alnus viridist the mountain Alder, 
the male catkins only are destitute of bud-scales in the winter. 

Betula, the Birch. In the catkins of both sexes the three flowers have only 
the bracteoles a and /3. In the male flowers the perianth is usually incomplete, 
and there are only two stamens, the filaments of which are forked. In th% 
female catkins, the two bracteoles cohere with the primary bract to form a 
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tbree-lobed scala whioli talis off together with the winged frnlt. The mtle eat- 
kins are borne terminally on the Bhoots of the previotu year, and ara not 
oavaied with bud-Boales dorii^ the winter ; the female oatkina are borue ter> 
minally on lateral dwarf-ahootB, whioh have onlj a few leavea, and Uiey an 
enclosed by bud-scales dnring the winter; as a coosequenoe, flowering talraa 
place after tbe ucfoldmg ol the leavea. The shooti of raoeeisiYe years lonn 
eympodia, and the leaves are arranged spirally. B. verrucoia has white glanda 
on the leaves and young shoots ; B. pvbticem hae no glands, bat the ahoota are 
hairy ; it is a northern form ; S. fruticata and B. mmq are shmba oeonning in 
high latitudes ; B. alba is the common Birch. 

Order 2. Mteicaces. Trees or ehrubS; the flowers, which are 
diclinous and sometimes dicecions, are arranged in catkiiiB ; a 
perianth may be present or absent, when present it is acaly. Th« 
orary is dimeroofi and onilocnlar, with one erect orthotropons 

Hyriea Qale, the Bog-Myrtle, la a ahmb occnrring on moora. If. etrifera, 
belonging to North America, secretes a qnactity of wai on its fruits. 

Order 3. Cabiiasikex. Trees having somewhat the appeamnce of 
Horse- tails (Eqnisetnm), with long channelled intemodes and leaves 
forming a toothed sheath. The flowers are in nnisexnal catkins ; 
the male flowers consist of a single stamen and two perianth l^ves, 
the female of a nnilocnlar ovary invested by two bracteoles, which, 
when ripe, are hard and woody; the whole female catkin thea 
resembles a pine-cone. 
Several species of Casnariua are indigenous in Aastralia. 
Order 4. Salicinbx. The dioecions flowers are arranged in 
amenta, and they are borne in the axils of the bracts withont any 
bracteoles. The perianth ia represented 
by a dieo or a scale. The ovary is di- 
merons and tinilocalar, and contains a 
nnmber of parietal ovoles. The dehis- 
cence of the fmit is locnliGidal; the 
seeds are furnished with a pencil of silky 
hairs at their bases. The catkins are 
(K^JIii^i^rL^h'XI d^^^loi*^ at the ends of lateral dwarf, 
a ttaiaeaBi / ovary; n stigmaa shoots which always bear Bcales OF even 
<*'''"8«^>' a few foliage-leaves. 

Salii, the Willow, has entire bracts, one or more nectaries (glanda) in each 
flower, and usually two stacaens, entire shortly- stalked leaves, and its winter- 
buds are covered by a scale whioh is formed by the coalescenee of two. The 
shoots, whioh grow thiongbaut the summer, die down yearly. Borne speoies. 
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(mch M 8, aaa,fTaglliA, and iMbyloniea, the Weeping Willow, hsTe pendolona 
brandies, utd are arborescent ; most of them me shrabby, and some, snoli U 
S. Tttievlata, Tttuta, tioA htrbaeta are Bmall deoombeiit BhrobB aeoniriiig in the 
Alps and in high latitudes. In 3. purparea and incana the two atamena are 
connate i 5. Iridtulra has thiee stamens. Most of the Epedea grow on the ban]is 
of rivers ; S. tatrila and tapraa in toreata, and 8. reptm and others □□ moora. 

Fopnhis, the Poplar, has toothed or lobed bracta, a disooid perianth, and 
nnmerons (1-.30) atamena; the leaves are often lobed and have long petioles { 
the winter-bada are eneloaed bj s number of aoalea ; the shoota have a terming 
bud. In the Section Lenoe the ;oung ahoots are pnbesoent, and the buda 
are not viaoid ; the male fiowera have asnall; only from 1-6 stamens, and the 
atigmaa have 2-1 lobea ; to thia aeotion belong P. tUba, the White Poi^ar or 
Abele, with flve-lobed leaves on the dongated shoots, which are woolly beneath ; 
and P. trenmla, the Aapen, with ainaate-sermte leaves, glabroUB beneath, whiob 
are veisatile on the long alender and oompiessed petiole, and which are there- 
fore very readily act in motion t/j the wind. In the Section Aigeiioa, the 
young shoots are glabrous and the bnds visdd ; the btsota ore glabrous, and the 
number ol atamena ia nanally from 16-30 ; the stigmas are entire or ahortly 
lobed: to thta eeotion belong P. nigra, the Black Poplu', and a vBrriety with 
erect faranchea, the Lomfaan^ Poplar ; of the lattffl, only male individnals aie 
nsDally cultivated. 

Cohort 4. Euphorbiales. Flowers Tisnally diclinoTis; the 
periantli somefmies cossistfi of calyx and corolla, eomedmes it 
is eimple, and occasionaJlj it ia absent : 
the ovary is usually irilocnlar, iritli 
one or two anatropans and {^nerally 
Bospended ovnles in each locolna ; the 
seed contains endoeperm ; the strnctnre 
of the flowers is very Tarions. The affi- 
nities of the gronp are not aocnrately 

Order 1, EcpHOHSiACEa. The fmit is 
nsnally dry and dehiscent^ splitting sep- 
ticidally into oocoi. The micropyle of 
the solitary sospended omle is directed 
ontwards. They are plants of very li the aifis ai which 
Tarions habit aoA floral stmctiire, and "o"" bniii (in) ; p ii tha iqto- 

., ,, , . ... . . Inen of (ha evothlimii dr the 

they mostly contain milky jnice. g|„a,. „ q„ „^ ioman-. <, 

The gennS Euphoria has cymose (he pedloel of the female Sower 

mnhela or dichasia, the branches of which '^^ " """ «t'P^(«^B»fl)- 
terminate in what were formerly regarded as hermaphrodite 
flowers, but are really inflorescences, each one being termed a 
eyathium. The cyathinm consists of a tubular inrolaore (Fig. 




.— Pixt of an taBores- 
Enphorbia: b b bracbi 
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200 p), between the five lobes of which glandular appendages, often 
of a semilunar form, are situated (Fig. 200 dr). Within this in- 
Yolncre are numerous male flowers in five groups, each of which 
consists of a single stamen (Fig. 200 a) and is terminal on a long 
pedicel, and one female flower (Fig. 200 g\ consisting of a tri- 
locular ovary (Fig. 200/), at the base of which an indication of a 
perianth may in some cases be detected. That the cyathium is an 
inflorescence and not a single flower is most clearly visible in some 
foreign genera (Monotaxis), in which a perianth is distinctly de* 
veioped round each stamen. There is a single ovule in each loculus 
of the trilocular ovary ; the seed has a peculiar appendage termed 
a caruncle* 

In Mercurialis the inflorescence is racemose : the male flowers have 
a three-leaved perianth and numerous stamens ; the female flowers 
have a similar perianth and a bilocular ovary. The juice is not milky, 

Ricinus bears its monoecious flowers in a compound inflorescence, 
in which the male flowers are placed below and the female flowers 
above. The perianth is simple and five-lobed, the stamens numer« 
ous and much branched (Fig. 142). 

Of Euphorbia, the Spurge, a nnmber of speoies are annual herbs, as E, Peplu9 
and Tielioscopia (the common Sun Sparge) occorring in gardens and by road- 
sides ; some South European forms are small shrubs, as E, dendroides and 
fruticosa. In Africa and the Canaiy Islands the genus is represented by speoies 
which much resemble Cacteie in appearance ; their stems are thick and cylindri^ 
cal or angular or sometimes spherical, producing small leaves which usually 
soon fall off. Mercurialis annua and perennis (Dog's Mercuiy) are weeds ; the 
first common in cultivated ground, the second in woods; Iheir flowers are 
dioecious. Ricinui communis (the Castor-oil plant) is a native of Africa, now 
frequently cultivated. Some species of Phyllanthus have phylloid branches 
which bear their small flowers in the axils of minute bristle-like leaves situated 
in indentations at the edge of the phyllodade. Manihot utilissima, a South 
American plant, yields the starchy meal known in commerce as tapioca. From 
Siphonia elastica, a species growing in Central America, most of the caoutchouc 
ja obtained. 

Order 2. BuxiNEiE. The micropyle of the suspended ovule is 
directed inwards. Flowers monoecious, in glomemles, in which the 
terminal flower is usually female and the lateral ones male. Male 
flowers with a simple 4-leaved perianth and four superposed 
stamens ; the female with a trilocular ovary : two ovules in each 
loculus : fruit a capsule, with loculicidal dehiscence. For the most 
part shrubs devoid of milky juice. 

Buxus sempervirens, the Box, is an evergreen shrub of Southern Europe ; tha 
y is valuable. 
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Cohort 5. Daphnales. Flowers hermaplirodite or tmisexaal, 
actinomorphic, 4 or S-meroua : perianth simpio or biseriate ; in the 
latter case the corolla is osaallj' snppresBed : stamena iTpically in 
two whorls, perigynona ; ovary monomerona, with naaally a aingle 
anatropona ovale inserted on the floor of a hollow receptacle : 
embryo straight. 

Order 1. Thtuelsaces. Flowers hermaphrodite; c&lyx and 
receptacle petaloid, with a 4-lohed limb ; corolla sappreesed, or 
represented by small acalea : the four stamena opposite to the sepals 
are inserted higher on the tnbe of the calyx than the fonr which 
are opposite to the petals (Fig. 201) ; ovale snapended; fruit a 
beny : seeds witbont endosperm. 

Daphne Meztreon is Bommon in woods ; tbe asnally S-flovend mfloresceiiDei 
are borne iu the axils ol the foliage leaves of the pievioDS year, and they bloom 
before tltt deyelopment of the leaveB of the «ftme year. 




Fia 101 — Cb1}7 ot tbe fluwer of Fis. lot.— Bermaphrodila Bower of Bio- 

Dojjhnf JfttfTWHt laid open (x b) A dumu/uca. J In Tongitudlnal sectloii- B 

the foni mperlar h the loor infer or Flora! dIaKnm (Uie cslyx ii errDDHiiulr 

iltuoent, adnate to Cha aijr placed dlotioaallf , iiutead ot medlo-IUeml 

l;1j ddi«i(anlarged.) (Atter Saeba.) 

Order 2 Elxaonacej! Flowers diclinona or polygamous, 4 or 2- 
merons , the corolla is suppressed : the stamens opposite to the 
sepals are sometimes waiting (Fig. 202 B) ; a diso (Fig. 202 A, tZ) 
nsnally closes the receptacle : fruit an achene, sorronnded by the 
receptacle or by the whole perianth : ovule basal : seeds with email 
endosperm: the leaves are covered, especially on the nnder snr&ce, 
with scaly hairs. 

Bippophal rhamnoidet, the Sea Baakthom, Is a shrab whioh is sometimea 
n the baukB of streams ; the siiiaUei brasohea most]/ ti 
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thorn ; ihe flowers are dioecious and dimerous ; ^ben the fruit is ripe the' eUyz 
is of an orange colour. Elseagnus has tetramerous polygamous flowers ^ig. 
202) ; it is commonly cultivated. 

' Order 3. Pboteacejb. Affinities doubtful. Flowers hermapkro- 
dite ; the veiy short stamens are superposed on the four segments 
of the simple perianth, and are adnate to them (Fig. 203 jB): when 
the flower opens, the tube of the perianth often becomes still more 
deeply cleft : the ovary is usually borne upon a prolongation of the 
axis (Fig. 203 0, g'p) : ovules one or more, ascending: seeds with- 
out endosperm. 

Protea, Grevillea, Manglena, and others occur mostly in South Africa and in 

Australia. 

A b" 





Fio. 203.— Flower of KangUiM qUbraia, A Be- 
fore opening. B Open ; p segment of the perianth ; Fie. JOl — Stamen of Lanms. A 
a anther ; n stigma. C Orary below, in longi- Anthers opened, a a ; d d the valves ; 
tndinal section ; gp gynophore. D Transverse seo- bb glandular appendages. Diagram of 
tion of the ovary. JB Ripe fruit (After Sachs.) Ginnamomum. 

Order 4. Laurinej!. Flowers hermaphrodite or polygamous, 
cyclic, usually trimerous (dimerous in Laurus) ; perianth simple, 
sepaloid, in two whorls ; stamens 12, in four whorls ; the anthers 
open by 2 or 4 valves, sometimes introrse, sometimes extrorse ; 
the filaments have glandular appendages (Fig. 204 66). Ovary 
trimerous (drawn as monomerous in Fig. 204), unilocular with 
one suspended ovule, two of the three carpels being abortive. 
Fruit a berry or a drupe. Seed devoid of endosperm. 

These are usually evergreen shrubs with coriaceous leaves ; a few, as Gassytha^ 
are parasites resembling the Dodder in habit. 

Order 5. Mtbistice £. Flowers diclinous, cyclic ; perianth simple, 
gamophyllous, 3-lobed. Stamens 3-18 coherent into one bundle. 
Ovary monomerous, with one basal ovule : fruit a fleshy two-valved 
capsule : seed with endospomu 
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SIj/Tiitica moiehala, the Kutmeg, U a native of ths HoIhoobb. The seed U 
inveBted b; &a arillnB, »q iDlegoment which is developed Btter tertiliaatioii ; it 
has a netted or laoiiiiate appearance (Fig. 205 a] ; it is known in eommeroe as 
Mttce. Seed laige, with macli endoaperm, the eurface of which is oaimgated ; 
tlie inDermost la;er of the brown testa oloeely follows all Uie windings, Mtd tbii 
givGB the endospenn ft maibled appearance. 



Fio. DM.— Fruit of ths JfnlniBg- 
tree, MyrUiai motchaUi. P Perl- 
carp, half of tt removed; t UusMdj 




Cohort 6. Chenopodiales. Flowers nsoally hermaphrodite ; 
pemntli sepaloid or petaloid; ovaiy monomerons or polymerous; 
ovule neoally solitary; embryo coiled or curved. 

Order 1. Ohehofoducbx. Flowers small, united to form a dense 
inSorescence : the bracteoles are usually suppressed. Stamens 
saperpoeed on the usually S-leaved sepaloid perianth. (Fig. 206). 
Orary nsnally dimeroiu and nnilocnlar, with a single basal ovnle. 
Stipules wanting. 

Chenopodium album, the Qoose-foot, and Slitttm (Chetiopodiwn) Samu 
HanrUtu, the All-good, are eommon weede on garden gronnd and waeta land. 
Bpinacia nleracia is Spinach, coltiTated as a vegetable. Beta vuJgarii is culti- 
vated under the var. Ciela (Uangold). B. altittima is the species used in the 
mannfactnre of angar, and S. rubra is the red Beetroot, Saliola, the Salt-wort, 
and its allies, witli fleshy atema and leavea, are oonspieaons in the vegetatim of 
the aea-Bhore. 

Order 2. Ahabahtaces. The flowers have the same stmctnre as 
those of the preceding family ; they have osnally bract«oles which 
an frequently petaloid : ovary nnilocnlar, probably polymerons : 
ovnle solitary and basal, bnt in some cases the ovules are nnmerons. 
Stipnlee absent. The flowers nsaally form dense inflorescences. 

Bpecies of Amarantns and Celoaia (Cock's comb), the latter having a mon* 
■tioue floral aiis, are well known aa ornamental plants. 
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Order 3. Phtttx^ccice^. Tbe flowen haTe ft shnpl^ fmeiBlI^ 
S-IcAved penancb wltich is often petaloi'l, and two wboib <rf 
tEe number of the Etamens is in manj' cases donliled 
(Fig. 2>>7) : the nomber of onp^ Tuia 
very mach ; when the orarr ia 
it is mnlnliQcular, each locnlos i 
sinzle ascending omle. Stipules 

if sMd >i * ejkariti^-mitlCT iuIIm — — "^ 
wine uui in oUicT p 




Order 4. yrrraoots. Perianth 
petaloid, gamophTllotis, 6-Ieaved ; stameoa in greater or 
namben ; fTrarj monomeitnu, nnilocalar, with one baeal 
orvnle ; the terminal Sowers are STuraaiided bj* an e[ncalTx, bat 
the lateral onea. 

MiratAtU JaS/ifa, the XamI cf Pan, ia •& cmaisental plant fam 
di* toou ue <><c«fi iabwilgltd fox dioae erf tlu tine Jkl^. 

Order 5. PoiTGOSEi, 
The flowers have a BBi|de 
4. 4. or Cleaved periantli 
whLch ma J- be either 
tep'jtl'jid or peCaloid, ai^ 
miiallr the same number 
of nperpoaed stamens ; 
bat occasionaDj the sta- 
mens are more anmeroas 
or some of them are snp- 
presEed. Otsit nsnallj- 
trimeroos, niulocniar, witl| 
a single basal onhotropoos 
omle ; the froit is fre- 
qaentlj more cr less en- 
-,u=, Tetoped br the persiitent 
''J^ perianth. The leans hara 
'mil '.t "-"TT. well - dereloped Eheaths 
_^^^^'* CFiE'.2'« Jr)andc«iMtB 
ma ■ptrmcA-wteiA stipules fomin? an OcfiT^i 

(F^. 2i>8 o) which eiD> 
distance above the leaj-deatb. 




SI y>* enter, tfai. 



biacses the stem for ar 
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Bhenm, the Bhubarb, has six (three internal and three external) perianth 
leaves and two whorls of stamens, the outer containing six, and the inner 
three ; Rheum undulatum and other species are caltivated. Bumex, the Dock, 
has flowers of similar structure, but the inner whorl of stamens is absent ; the 
triquetrous fruits are completely enveloped by the inner whorl of perianth leaves 
(Fig. 208 c) ; the leaves contain a large quantity of oxalic acid. Polygonum has 
usually five petaloid perianth leaves and a varying number of stamens (5-8) ; 
P. Fagopyrum, the Buckwheat, is cultivated for the sake of its mealy seeds. 

Coliort 7. Nepent hales. Flowers dioecious; perianth simple; 
stamens monadelphons ; ovary 3-4-locular ; ovxdes indefinite. 

Order 1. Nepenthes. The lamina of the leaf of Nepenthes has 
a pitcher-like form, and is termed an ascidium ; it is an adaptation 
for the purpose of capturing insects. 

SEBTES II. EPIGYNiB. 
Ovary inferior. 

Cohort 1. Quern ales. Flowers diclinous: ovary 1-6-lOcular; 
ovule 1, basal or suspended : seeds without endosperm. 

Order 1. Juglandej;. Flowers monoecious, the two kinds of 
flowers being contained in distinct catkins. Each bract bears in its 
axil a single flower with two 
bracteoles. The ovary is 
dimerous, and encloses a 
single erect orthotropous 
ovule. The male flowers are 
usually borne on the bract; 
they may or may not have a 
perianth, and the stamens are ^^^ ^_^ ^^^ ^, ^ ^^ ^^^^^ ^, j^^ 

indefinite (Fig. 209 A}. The ni^ralseftrmg a flower ;p perianth and biacteoles; 

fruit is drupaceous; the leaves .st^nens; « axis of tiie catkin BFemaleflower 

^ J Ti - of the same plant; I bracteoles; o perianth; n 

are pinnate, and, like the gugmas (ma^nifled). 
flowers, they are aromatic. 

In Juglans the male catkins are borne on the apices of the leafless shoots ol 
the previous year, and the few-floweied female catkins on the apices of the 
leafy shoots of the same year. The bracteoles of the female flowers (Fig. 209 I) 
grow up around the ovary. The succulent mesocarp is thin, and ruptures 
irregularly ; the hard endocarp opens on germination along the line of junction 
of the two carpels, and then the incurved margins of the carpels are seen as 
an incomplete longitudinal septum projecting between the two cotyledons of 
the embryo which is closely invested by the endocarp. J. regia^ the Walnut 
Tree, is a native of Southern Europe ; in North America, J. cinerea and nigra 
occur ; also various species of Carya, the Hickory, remarkable for its very hard 
wood. 
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Order 2. Cobtlaces. Flowers moaaxiouE, in male and female 
catlduB. The m&Ie flowers have no periantti ; that of the female 
flower u mdimentary. The ovary is bilocnlar; one IocoIiib ia 
sterile, the other contains two snspended anatropons ovnles : the 
fruit is one-seeded and indehiscent (a nnt). Two flowers are borne 
in the axil of the primary bract of the female catkin, the median 
flower being absent. Each fmit is snrronnded by a leafy invest- 
ment (cnpnle) formed by the three bracteoles (a a| /3| and aifii 
respectively, Fig. 197) of each side. In the male catkin the median 
flower only is developed ; the fllaments of the stamens are deeply 
forked. 

In Corjlna, the Hazel, the female catkin resembles a bad, mnae ths external 
sterile bracts have the &ame Btmctnre as the bad-BcoIes (Fig. 210 B) ; the red 
atigmaa project at the top ; the investment ol the imit is iir^nlarly cat ; a 
small pn>iectioa is formed on the fruit, the nut, b; the remams of the perianth. 
Each primal? biact ol the male ameutom bears two bracteoles a and fi, and four 
forked (so at^arentl; eight) stamens 
(Fig. 210 A). Both kinda of amenta 
are plaixd in the axils of the leaves 
of the piavione jeax, and are not 
enolosed by scales during the winter ; 
hence flowering takes place before the 
nnfoldiog of the leaves. Leaves dia- 
tichoDB. C. Avellana is the common 
Hazel ; C. tuimtoia, with red leaves, 
the Copper Hazel, is coltivated as an 
ornamental shmb. 

In Carpinns, the Hornbeam, tbe 
(roit has a three.lobed investment ; 
the fmit is ribbed and is soilnoanted 

™!!ir"il^'~^'^^;f™' ,»**!f'*'^' It tl" perianth. The primarj- bract 
Dial* catkin, with tbe slameiu (/, aad BQlhsn ,., , ,i_. , , ,„ , , 

(-). »F«»ale<«tkln,thelowar««la,(,)biv» o( the male catkm beaiB 4-10 deeply 
no flowenii the itiginM(n) project rtwve. CA 'orked stameag ; there are no blBO- 
(lagta temale Bower itirrannded b; the Invest- teoles. The oatkins of both kinds 
nt (bnwiaoleB) (c^ with two ■Usinai («) (mag. |^ bome at the apei of short leafy 
shoots of the same year, hence 
flowering takes place after the onfolding of the leaves. Leaves distiohons. The 
annnsl shoots form sympodia. C. fieluliM has an irreKolar stem and serrate 
leaves which are folded along the lateral veins. In Ostrya (Soathem Enrope) 
the inveBtnent of the fmit is on open tnbe. 

Order 3. CnPHLiFER*. Flowers moncecioos, with a perianth of 
five or six segments. Ovary trilocnlar, with two ovules in each 
loculus; ovules anatropons, ascending or suspended: the fmit is 
one-seeded and indebiscent (a nnt)} it is invested by a onpnle 




and dloff.). 



foi-med probably by tlie connate bracteoles oj ^, oj /3j (Fig. 197), 
and having ite surface covered with scales, prickles, etc. The 
filaments are not forked. 

In QoerooB, the Oak, the male oatkins are loose ; each bract bears a single 

flower in ita aiil iritlioat braeteolea : the perianth ie 5.-T lobed, ancl the atameos 

from 5-10 or indefinite (Fig. 211 a). There ig a dugle flower, the median one, 

in the axil of each braet o( the female catkin ; tbuB the cnpnle investa only a 

single froit, forming the Bo.oslled cup at its base. The lesvee are deTeloped in 

) order near the apioes of 

the annnal ebeotB ; the 

annnal shoots are always I 

apioaL The male catkins ; 

are borne in the aiiU of ■ 

the uppermost bnd-Bcales i 

(pairs of stipules) on b 

long and dwarf ehoots of 

the same year, the female 

catkine in the aiila of the 

foliage-lesTea of the apical 

ahoots: flowering takee 

plaee shortly after the un- 
folding of the leaTBB. The _ „. 

ovules are ascending. The ^ periantl 

cotyledons remain 

closed in the testa during (he (t 

germination. QuereuM So- """l »«"™ i / """T i « o""*- 

bur is the English speoies, of which there are two Tarietiea, Qutraa ptdunciilata 
and Queretu leiritiftoTa : the farmer has elongated female catMne, so that the 

b^ts are widely separated from each other, and its pinnately lobed leaves are 
shortly stalked and oordate at the base : the latter has compact female catkins, 
BO that the frails form a clnster, and its leaves have longer petioles, and are 
narrowed at the base. Querent Si^tr is the Cork-Oak of Southern Enrope. 
There are also several North American species. 

In Fagus, the Beech, the oatkins of both kinds have the appearance of etalked 
capitola. The flowers of the male catkin are closely packed ; they have a peri- 
anth of 4-7 segments and 8-13 stamens. The female catkin consists of two 
flowers only, which are invested by a single cupule and by four delicate leaflets. 
The cupule is covered with hard bristles, and when ripe splits into fonr valves 
to allow the two triqaetrons traits to escape; each fruit bears at its apex a 
bmsh-like remnant of the pmianth. The evnles are snspended. The female 
infloreseenoes are bonie on ereet axes in the axils of the leaves of the apical 
shoot of the same year, the male on pendnlous axes springing from the axils of 
the lower leaves of the shoots. Leaves distiohons, approaching each otlier on 
the onder snrfaoes of the shoots, their axillary buds approaching each other on 
the apper snrfaoe : the winter buds are elongated and pointed. The cotyledons 
escape from the seed on germination. Fagm ij/lvattca is the oonunon Beeoh: 
a variety vith red leaves, the Copper Beech, is very generally onltivated. 
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In CuitaneB, the edible or Spanisb Cheetnat, Bome of the catkinB ooDsiat kt 
their lower part of female floweie aod at their npper of mala flowers, whilst 
others have only male Sowen. In the azil of each broet there are naoftlly 
either Beven male or three female flowers ; the latter are ioveeted by the braeteole* 
a and p, and by a onpule formed bj the other four brocteoles ; the cupula, which 
is ooiered with prickles, completely encloeea the frnit until it ia ripe, when it 
BphtB into four Talves. Both kinds of catkins are formed in the axils of leaves 
of sboota of the same year, the miied catkins being nearer to the apex than tho 
male ones. The ovules are suspended. The leaves are arranged spirally on 
vigorous shoots; they are distichons on the less vigorous lateral shoots. 
C.vutgarit, from Southern Europe, ia cultivated in parks; it has undivided 
toothed leaves. 

Cohort 2. Asarales. Flowers hermaphrodite or nnieexnal: 
ovary mnltiloculw; ovulea nnmeroos. 

Order 1. AbistolocbibJ!. Flowers hermaphrodite: perianth erf 
three connate petaloid segments forming a three-lobed tnhe : stamens 
6 or 12 : ovary usually 6-locnlar, with nnmerouB ovules in two 
longitudinal rows along the inner angles of the locnli. The minnte 
embryo is enclosed in the copious endosperm. They are herhs or 
sbmbs, often climbing, with large leaves. 

In Ataram tTtrvpaum (Asarabacca) the three lobes of the perianth are equal; 
a free, and the connective is produced (Fig. 212). The 
annual shoots of the creeping etem bear four 
oataphyllary leaves, two large petiolate reniform 
foliage-leaves, and a terminal Sower. The 
lateral branches spring from the axils ot the 
uppermost foliage^leaf and of the scales. In 
Aristoloobia (see Fig. IGl p) the limb of the 
perianth is obliquely lipped ; the six anthers 
are sessile and adnata to the short style. A. 
Sipho is a climber frequently cultivated; A. 
Cltmatitit oooora on rains, etc. ; the flowers of 
the latter occur usually several together in the 
axils of the leaves, and those of the former in 
' pairs, one above the other, together with a 

IiODgitDqinBE Bed on of the flower , ■, ■ .■ -, . .. , ... 

(msJ; , pmulh. (ia,, BMb..) '""">' " "" "''■ »' "» ''"" ■" "• ■*»' 
of the previous year. 

Order 2. Cttinace*. Parasites devoid of chlorophyll and with- 
ont foliage-leaves, with a nsnally deformed Tegetative hody, and 
either solitary flowers of remarkable size or small flowers in a 
compact inflorescence. Flowers hermaphrodite or nnisesnolr 
perianth campannlate : ovary unilocTilar : ovules very i 
embryo mdimentary ; seed with or withont endosperm. 
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Suborder 1. Cyttsem, Cytinus HypocUtis is parasitic on the roots of Cistas 
in Southern Europe ; other species occur in America and South Africa. 

Sub-order 2. HYDKosEiB. Hyduora and others are parasitic on the roots of 
Euphorbias in America and in South Africa. 

Sub-order 3. BAFFLESiACEiB. Raffiesia Amoldi is conspicuous for the enormous 
size of its flower ; it is parasitic on the roots of Ampelidefld in the East India 
Islands. 

Cohort 3. San tal ales. Parasitic plants : leaves, when present, 
entire : stamens equal in number to the leaves of the perianth and 
superposed upon them ; ovary unilocular ; ovules devoid of integu- 
ment. 

Order 1. SANTALAOEiE. Parasites provided with chlorophyll: 
flowers generally hermaphrodite; ovules 1-4, suspended upon a 
free central placenta : perianth 3-5-lobed ; fruit a nut or drupe. 

Thesium linophyllum^ the Bastard Toad-flax, is an indigenous plant which is 
parasitic on the roots of other plants. The leaves are narrow and linear. The 
bracts of the flowers, which are disposed in racemes, are usually placed high up 
on the pedicels, close under the flowers, and in most of the species constitute 
with the bracteoles a three-leaved epicalyx. The stamens are filiform, inserted 
at the base of the lobes of the perianth. The perianth is persistent, remaining 
curled up at the apex of the indehiscent fruit (Fig. 213 B), Santalum album, 
an East Indian tree, yields Sandal-wood. 





Pia. 213.— il Flower ; B fruit 
of Thenum montanvm : f ovary ; 
p perianth; a gtamenB; n Btigmii 
(enlarged). 



Fio. 214.—^ Terminal shoot of a female plant of 
the Mistletoe, Viaeum album: a stem; b b leaves; fc k 
axillary bads; / three female flowers with the fruit 
set. B Male flower (mag.); p iMrianth; a anthers 
adherent to the leaves of the perianth. 



Order 2. Loeanthackb. Parasites provided with chlorophyll: 
flowers diclinons or hermaphrodite; ovule erect, adhering to the 
wall of the ovary : perianth of 4, 6, or 8 leaves ; fruit a berry. 

Viscum album, the Mistletoe, is parasitio on various trees, forming conspicuous 
evergreen bunches. The stem bears a pair of opposite leaves (Fig. 214 b b), 
from the axils of which new branches spring, each bearing a pair of oataphyllary 
leaves and then a pair of foliage-leaves, while the main axis ceases to grow, or 
produces a terminal inflorescence, consisting of three flowers (Fig. 214 hf) 
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bnnchefl oi inflansceucei mt,j also Bpring from the mxila of the e»ia,jlbjTlatj 
leave*. Tile Sowen are ditseiona. The fmit is a one-aeeded berry with a visoid 
pericarp, bj meani ot nhuth the seede became attached to trees, and thna eSeet 
the distribatioQ of the plant. The male Qovob have mnltilaeDlar a oon ile aothera 
«bkh are inserted (Fig. 314 B a) npon the leaves of the perianlh. LoroMlnu 
etiropaui occnrs npon Oaks in Eaatera Bniope. 

Order 3. Baunophokex. Parasites devoid of chlorophyll and 
without foliage-leaTes, with a deformed vegetative body. Flowers 
dicecions or monoecionB, in many-flowered inflorescences. The 
female flowers nsoally consist of a one-seeded ovMy : the ovnle ia 
sospended, and it adheres closely to the ovary. The embryo is 
very small. 

Balanophora, Lophophytam, and othen are Brazilian genera ; otlieis inhabit 
tcufoeal Africa ; Cynomoriiati coceineuta is fonnd in the Mediterranean ref^on. 



SUB-CLASS n. GAMOPETAL.^. 
Flowers osnally hermaphrodite ; perianth differentiated into 

calyx and corolla; calyx TiBaally gamosepalons; corolla generally 

gamopetalons, in some cases it is sappressed. 
BEBIEB L HYPOOTN^. 
Ovary superior (except in Vacciniefe) : stamens epipetalons, or 

free and hypogynons. 

Cohort 1'. Lamiales. Flower pentamerons, nsnally zygomor- 

phio with median ^mmetry: corolla nsoally bilabiate, the two 
posterior petals being 
connate taxi forming 
a freqnently helmet- 
shaped (rjaleate) pro- 
jecting upper lip, the 
anterior petal, with the 
two lateral petals, form- 
ing the under lip: sta- 
mens epipetatons : the 
posterior stamen is 
usually abortive or ap- 
pears as a staminode; 
the two lateral stamens 
are generally shorter 
than the two anterior 

ones, so that the flower is didynamons-, the two median carpels 




npperi « mular Up. B Flowsr 

upper! u divided nnder Up ; • Istenl lobes of tb 

// ahoot; r f lODgMamani (Dug.). Orai^ 



leir : h atji ; e 
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form a usually bilocnlar ovary whicli is sometimes subdivided into 
fonr locnli : leaves scattered or opposite decussate, exstipulate : the 
leafy shoots have no terminal flower: the formula is generally 
M/ K (5) (0(6) ^5) Q^. 

Order 1. Labutje. Stamens four, didynamous (Fig. 215 B) ; 
rarely, as in Salvia and its allies, only the two anterior stamens 
are developed: ovary subdivided into four chambers, as in the 
BoragineflB, which part as the seed ripens into four achsenia (Fig. 
215 G) : style lateral : the ovule in each loculus is solitary and 
erect : seed without endosperm. Herbs with decussate leaves and 
quadrangular stem. The flowers are disposed apparently in whorls 
round the stem, but the inflorescence is in fact made up of com- 
pound cymes or dichasia, termed verticillasters, developed in the 
axil of each of the two opposite leaves. 

Tribe 1. Ocymoidece. Stamens 4, descending. 

Ocymum Basilicumf the Sweet Basil, from India, and Lavandula, the Lavendei 
from Southern Europe, are cultivated as potherbs. 

Tribe 2. Menthoidea. Stamens 4, equal, ascending, divergent : corolla 
almost regular, 4- or 5-lobed. 

Many species of Mentha, Mint, are common. Several species of Goleus, and 
Pogostemon Patchouli, yielding oil of Patchouli, are cultivated. Lycopus has 
only 2 stamens, the two posterior ones being abortive. 

Tribe 3. Satureinea, Stamens 4, with broad connective, divergent, ascend- 
ing. 

Onganum vulgare is the Wild Marjoram; the Sweet Marjoram which is 
cultivated is an exotic species. Thymus Serpyllum is the Wild Thyme ; the 
Garden Thyme is T. vulgaris^ from Southern Europe. Satureia horteruis (exotic) 
is the Summer Savory. Various species of Galamintha (stamens not divergent) 
are common, as also Clinopodium vulgare (or 0, Clinopodium), the Wild Basil. 

Tribe 4. Melissinea, Stamens 4, with narrow connective, divergent. 

Melissa officinalis, the Balm, and Hyssopus, the Hyssop, are cultivated as 
potherbs. 

Tribe 5. Monardea. Stamens 2, ascending : one cell of each anther is either 
wanting or it is widely separated from the other. 

Salvia verbenacea, the Wild Sage, is common. Rosmarinus officinalis, the 
common Rosemary, is exotic. 

Tribe 6. Nepetea, Stamens 4, ascending; the posterior two are the 
longer. 

Nepeta Cataria, the Catmint, occurs in hedges ; and Oleehoma hederacea, the 
Ground Ivy, is very common. 

Tribe 7. Stachydea. Stamens 4, ascending ; the anterior two are the 
longer : upper lip of corolla usually arched (ringent). 

Lamium album, the Dead- Nettle, and purpureum are very common. Various 
species of Galeopsis, Stachys, Marrubium (Horehound), Ballota, Melittis, and 
Leonurus, are found in England. 
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Tribe 9. Scutellariix. Stajaeua 4, ascending : caljz closed when the fruit 

Id the genne Scatellana, the aulhen of the anterioT pair ftf Btamens are 
unilocDlBT ; S. galtrieuUtla, Oia Common Skallcap, and S. mir,or, the Leeier 
Skullcap, are common. In the genns Fmnella each filament hoi a Bmall tooth 
below the anthers : P. viilgari4 is common. 

Tribe 9. Jjugoiden. Btamena 4, BBcending; the pOBterioi two ue the 
shorter : npper lip of corolla very short. 

Jjaga reptant, the Creeping Bugle, and Teueriuni Scorodonia, the Wood 
Germander, are common. 

Order 2. Yebbenaces, Stameos four, didynamons, or two : 
ovary 1 or 2-locTilar, with two ovnles in each loculua, or epurionaly 
2 or 4-locnIar in consequence of the presence of false disBepiments, 
with one omle in each, locnlna : endosperm small or absent: the 
fmit separates into 2-4 segments (achsenia) : style terminal : leaves 
usually opposite. 

Verbtna offuinalii, the Verrsin, is common on waste gronnd and roadsides : 
V, AubUtia is a common garden plant. Tectona graadU, the leak-tree of the 
East Indies, has a bard wood tued in ship -building. 

Order 3. Gloedlaeies. Stamens foar, didynamons: ovary ani- 
locnlar, with one anspended ovnle: style lat«ral : seed with en- 
dosperm: leaves scattered, inflorescence capitulate. 

Qlobutaria vulgarii and eordifolia with radios! leaves ooeoT here and there 
in drj places on the Continent. 

Order 4. Flantaqinex. Flowers actinomorphic and apparently 

fetramerons, hot the true interpretation of them is deduced from 
those of Veronica : the posterior 
sepal is suppressed, as also the 
posterior stamen ; the two pos- 
terior petals cohere to form an 
npper lip which is quite similar 
to one of the lobes of the 
three-lobed lower lip ; stamens 
fonr, the two anterior not being 
suppressed ; ovary onilocnlar or 

_ spnpionsly 2-4-loonlar: ovnles 

', d bract; i calyx; o solitary and basal, or nnmerons : 

^TJ!^'tTZZiS,'J^^'"tt^i' ,'"""' f™'* a capsule with transverse 
oiagnuu, I u tlM Dpper, and B the oader Up. , , . - "- 

dehiscence, or an achfemnni : 
seed with endosperm. 

PJantago Uaietolata (Bibwort), major, media, the Plantams, are weeds nui- 
versoll; distributed. The leaves form a rosette juat above the root, and the 
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loDg scapes spring from their axils bearing simple spikes (Fig. 216 a, d). In 
P. Cynops, Psyllium, and others, the main stem is elongated : the testa of the 
seed is mucilaginous. In Litorella lacustris the 'flowers are monoecious; it 
grows on the bottom of shallow waters : fruit 1-seeded, indehiscent. 

Cohort 2. Personal es. Flowers pentamerons, zygomorphic, 
with median symmetry : stamens epipetalons : the posterior stamen 
is nsnally abortive, or appears as a staminode : carpels 2, median : 
ovtiles nsnaUy indefinite. 

Order 1. ScROPHULAEiNEiE. Ovary bilocnlar, with nnmerons 
anatropons ovules borne on axile placentae : seed with endosperm : 
stamens fonr, didynamous, often with a rudimentary fifth posterior 
stamen (Fig. 218 B, st) ; sometimes only the two lateral stamens 
are present ; rarely all five are fertile : general floral formula as in 
Lamiales. 

Sub-order 1. Antibbhineje. The posterior petals, forming the upper lip of 
the corolla, are usually outside the others in the bud (cochlear aestivation). 

In the genus Yerbascum, the Mullein, the flower is imperfectly zygomorphic, 
the 5 stamens are unequal in length (2 long, 8 short) : V, Thapstu, the Great 






Fig. 217.— Fioral diagrams, A Of most ScrophuIarineflB. B Of Veronica. Of the Lenti- 

bulariea; onppor; u under lip. 

Mullein, V, Lyehnitis, the White Mullein, and V. nigrum, the Dark Mullein, 
occur on banks and waysides. Antirrhinum, the Snapdragon, has a projection 
on the lower lip of the corolla termed the palate ; the corolla is gibbous at the 
base ; stamens 4 (Fig. 218 A B): A, majus, the great Snapdragon, is a well- 
known garden plant. Linana has a spurred corolla ; stamens 4 : X. vulgaris, 
the yellow Toad-Flax, is common in flelds. In Gratiola the two anterior 
stamens are represented by staminodes. Paulovmia imperialis is an ornamental 
flowering tree from Japan. Many species of Mimulus (Musk), Calceolaria, and 
Fentastemon, are cultivated. 

Sub-order 2. RnnTANTHEJE. Corolla with imbricate SBstivation. Digitalis 
the Foxglove, has an obliquely oampanulate (digitaliform) corolla ; stamens 4 : 
D. purpurea is common in woods; the yellow 2>. grandiflora is cultivated. 
Scrophularia has a globular corolla ; S. nodosa (Figwort) and S. aquatiea are 
common. Veronica, the Speed-well, has only the 2 laternl stamens, and the 
two lobes of the upper lip of the (rotate) corolla are united ; the posterior lobe 
of the calyx is suppressed (Figs. 218 C, 217 2>) : K. Anagallis and K. 
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Beeeaiaaga an eommon in ditches, V. arveiuu, agrettU, terpfUifolia, ud 
others in pMtnres and fields. 

FedieolAiia has a 5-toothed calyi, sod the npper lip of the coroUs is galeste ; 
Eapbraaia, the Eyebiight, hM ft 4-tootbed calyx, the npper lip of the corolla has 
two apnadiiig or lefleied lobes : Bartda has a 4-t(iothed ekljz, the n^qter Up ol 
Um riugent corolla is entire or only notched : Bhinanthiw, the Battle, has • 




Fib. 318,— Flowarj ol 
gibboniattbgbaudi)! ( 
B Upper Up o( ttu mot, 

lateral onsa; it mdimeulsiy poeterior ona. C Flower or ' 
UirMlobM of tha lower lip { o the lobed npp«r Up ; 1 1 Che (wo lUeca] ■tuaeas : nMijma. 

4-toothed inflated calyx : Melampjttim has a 4-toothed tubnlar calyx, and Ibe 
capsule is few-seeded : all these plants possess chlorophyll, bat they are more or 
leM parasitio apon the roots ol other plants. Lathraa iquamaria does not 
pouesB chlorophyll ; it is of a pale rose colour, with slightly bluish flowers ; it 
is paraaitio on the roots ol trees, especially of the Hazel. 

Order 2. BiONONUCBX. Stamens generally tour, did jnEunooB : 
Beeds TtanaUy winged, withoat endosperm. Woody plants or 

climbers. 
Catalpa bignortioidei is an ornainental tree from North America. 

Order 3. Acamthacg^. Stamens four, didynamoiis : ovules few 
on projecting placenta ; seed without endosperm. Herbs. 
Aeatithm moUU and other species from Southern Enrope, are ornamental 

Order 4. Oesnbiuoes. Stamens DBually four, didynamone, or 
sometimes two only; ovary nnilooolar, with nnmerotis parietal 
ovnIeB. Generally herbs with opposite leaves. 

Cotumnea ScMedeana, Aohimenes, Ligeria, and others are ormimental plants 
from tropical America. 
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Order 5. OkoeancheiG. Plants which are parasitio on the roots ot 
other plants, deatitnte of chlorophyll, with scales instead of leaves, 
otherwise similar to the forgoing. 

Orobanche rabmt and ementa (BrooattspeB) o» LegnminoBEB, lueontm on Ber- 
beris, Hedera on Ity, ramota on Hemp ; mostly of a bronniBli or wliitiab bne. 

Order 6. LGNTiBDUKtES. Only the two anterior stamens are 
developed (Fig. 21? 0) : ovules numerons on a free central 

placenta: seed withont endosperm. 

Tbfl nmnwooa specieB of Utiiaulaxia 
are floating water-plants witb finely 
divided leaves bearing bladder-like 
appendages whiob serve to oatob small 
aqnatio animals (Fig. 319). Fingmcvia 
valgarii and alpina (Butleiworta) are 
small plants witb rosattes ot radical 
leaves growing in damp placed. 

Cohort 3. Polemoniales. "'• w»-Bi»dd«r. -r truimiatia. .* 

_,, , . ., DaUlde viewiipedlcelioBDtrauoei tudk 

Flowers actinomorphic, or if zygo- touu, »pp„dage.. s BeoUftn. ,» vUv* 
morphic, not so in the median opening inwards MdprBvmtingtlwBiitoI 
plane : flowers pentamerons : sta- 
mens epipetalona ; ovary of two, rarely five, carpels : leaves nsnally 
scattered and exstipniate : the inflorescence is often cymose, with a 
terminal flower: fonnnla ^(5) (0(5) Ab} QB to (?). 

Order 1, Convolvulace*. Usnally two median carpels forming 
a bilocnlar ovary, with 1-2 anatropons ovules in each locnlns : the 
corolla haa nsnally a contorted estivation, twisted to the right ; 
frnit a septifragal capsnle or a berry : seed with endosperm. 
Commonly climbing plants with milky jnice. 

Convalvulm arveiuit, the lesEer Bindweed, and Cab/ttegUt tepium, tbe larger 
Bindweed, tbe former witb small bracts, tbe latter witb large braota wbiah invest 
tbe aalyi, are common wild plants. BataUu edulii is eoltivated in tropical 
America far its edible tuberous rhizome, tbe aweet potato. 

Order 2. Co&cotem. Parasites destitnte of chlorophyll, with 
filiform stems, which attach ttiemselves to other plants by means of 
roots, and derive their nonrishment from them : the small flowers 
are arranged in fascicles (Fig. 220 h) : the corolla has imbricate 
festivation : fmit a capsnle with transverse dehiscence. 

Cutaita taropaa, the greater Dodder, wbicb oconrs oommonly on Nettles and 
Hops, is widely diatribnted : C. epilinuta is tbe Flai Dodder, and C. epithymum, 
tbe lesser Dodder, ooanrs on varions low-growing plants sooh as Clover, wbioh 
it often destroys. 
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Order 3. Folcmosucex. Orary trimeroofl and trOocalar, wHli 
one erect or serenJ obliqoe omles in each locnlns: capsnle locnli- 
cidal. Hoetly lierbs iritlunit milky juice. 

fioni q)eciea of Ffaloi me eoannm 






Polemimiun e(rrul4t 
gfuiea pUnts. 

Order 4. Soukaces. Otstj consisting of two obliqnely placed 
carpels, bitoenlar, with nmnerotis ovules attached to the septom : 
the septnm sometimes projects so far into the cells that the ovaiy 
appears to be qnadrilocnlar, as in Datnra : ovules campylotropous ; 
fruit a capsule with Tarions dehiscence, or a berry; seed with 
endosperm. Herbs, occasionally woody plants, withoutmil^ jnice. 
Inflorescence cymose, but complicated by the displacement of the 




Pis. 2Zi.'—A TTpper portion ot a flOTrarinfc atem ot Atnrpit BtOaJiinHia. B Siagnmolttie 
nme atsm i 1 S S tha Oowen ; a and p the lirBcleolei and bracts. From (be aiila ol p 
apriag the ueir lloial aiaa, along ifblcb tbe bract p ia digplaced. 

bracts. Fig. 221 B, for instance, is a digram of the infloreBcenee 
of Atropa ; the main axis which terminates with the fiower 1, bears 
a bracteole la and a lateral shoot terminating in the flower 2 ; this 
springs from tlie axil of a bract lj8, which, however, is not inserted 
at tbe base of its axillary shoot (the point of the arrow indicates 
Its proper position), bnt is displaced upwards nntil it is close nnder 
the bracteole 2a; this displacement is repeated thronghout the 
whole system of the cyme, so that in Atropa there are always two 
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leaves below each flower, a larger one (Fig. 221 A lo, 2a, and so od), 
wMcli is tbe bracteole of the flower, and a smaller one (Fij^. 221 A 
0/3, Ij?, 2^, etc.), which is the bract from the axil of which the 
flowering-Bhoot springs. In other of the Solanee similar arrange- 
ments are found. Most plants of this order are poisonons. 

Tribe 1. Solatua. Fruit a, beny. Id the genus Sotauiun the anthers axe 
Bj^geneBiooB : S. Dulcamara, the Bittersweet or Wood; Nightshade, has a bine 
fiower, and S. nigrum has a white flower ; both ore common ; S. tubtrolmn ia 
the PotatO'plaDt. PhyialU Alkekengi, the Winter Cherry, has an iuflnted red 
calyx which encloses the beny. Lycoperricvm ticuUntum ia the Tomato. The 
fruits of Captieum longuia and annuuni are known m Chili Feppeia Atropa 
BeUadonaa ia the Deadly Nightahade ; the anthers are not ajngeneBiona, aod 
the corolla is campannlate ; the berries are black and very poiBonooa. Lyeiitm 
barbaruitt is a ahiub belongiDg to Soathem Europe which has become wild in 
places in the North, 
' Tribe 9. Nicotiantm. Fmit a 3-Talved locnlicidal capsule. 

Nieotiana Tabacam is the Tobacco plant (Fig. 138 B). Potnnia Is commonly 
cnltirated. 

Tribe 3. Dafwdc, Capsule almost quadrilocnlar in oouBequenoe ot the ont- 
erowth of the septom, l-vaWed. 

Datura Stramonium is the Thorn-apple. 

Tribe i. Hyoicytanea. Capenle dehisces transversely. 

Bijoieyamat nigtr is the cominoa Heubano. 

Order 5. Asperitolis (Bo- 
BAOiNEX). Ovary consisting 
of two median carpels, 
spurionsly qoadriloctilar in 
conseqnence of a constriction a vB 
along the dorsal sntare of 
each carpel (Fig. 222 G, r) : 
the single style arises from 
the incorved apices of the 
carpels, and is surronnded at ^^ Ka.-anowerof A™hii«(^Mirm«.), 

its base by the fonr locuh l calyx; i corolla i i Chs acal; appndigH. B 

fFie. 222 B>: each locnlns s^^t orMyomti«(m»e.), i ih« receptacle: « « 

l,£ig. ci.i. JJ/. cm." i.m,ujuB the four Bchania J If the rtyle. C Diagram of the 
COntainB a single suspended qnadrUoculw ovary in tma. ■MtioD I r Ui« dor- 
anatropons ovule: when the ««l«"Bire«i PPthepUoentaa; .theomta* 

Emit is ripe the locnli separate ijampletely, and appear to be fonr 
aclueitiaT seed without endosperm: the corolla nsnally has four 
scaly lignlar appendages at the junction of the limb with the tnbe 
(Fig. 222 6) : inflorescence cymose, scorpioid and often very com' 
plicated. Herbs or shmbs genei-ally covered with harsh hairs and 
only rarely glabrons, e.g., Myogotit paluttrii. 
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Sub-order 1. Ehbetoidrs. Style at the apex of the ovary. 

Heliotropium peruvianum^ a well-known garden plant with fragrant flowers. 

Sub-order 2. Bobaqinoidejs. Style inserted between the four loculi. 

Myosotis is the Scorpion-grass; M, palustrU, the Foiget-me-not, occurs in 
damp places, M, sylvatica in woods, and M, arveruU and others in fields. 
Lithospermum arvense (Gromwell), L. officinale, Eehium vulgare (Viper's Bugloss), 
LycoptU arveruU (Common Bugloss), Cynoglossum officinale (Hound's-tongue), 
are common weeds. Borago officinalis is the Borage. Anehusa offi4sinali8, the 
Alkanet, is rare. 

Cohort 4. Gentianales. Flowers actinomorphic : periantli and 
androeciiiin usually 4- or 5-merons : corolla with frequently contorted 

aestivation (to the right) : stamens inserted 

on the tnbe of the corolla : carpels two : 

s^^HHH^ leaves commonly decussate and exstipulate : 

formula £:(5) (0(5) Ab) G^^. 

9 

Order 1. GENTiANEiS. Carpels perfectly 
connate, forming a uni- or bilocular ovary : 
ovules parietal, numerous, anatropous : seed 
Pig. ffl3.-Coroiia of i?ry. ^i^li endosperm. Usually herbs witbout 

throMi Centaurium spread oat s .,i . . i i . i 

r tube J « limb ; a stamens. milky juicc: leaves almost always entire. 

Suh-order 1. GsNTiANEiB. Leaves decussate : corolla with contorted SBsti- 
vation. 

Gentiana, the Gentian, has a bilobed stigma; it occurs in mountainous 
districts. ErythrsBa has a capitate stigma ; E, Centaurium, the common Centaury, 
is common in pastures. 

Sub-order 2. Menyantheje. Leaves spiral: corolla with valvate sBstivation. 
Menyanthet tri/oliataf the Buckbean, with ternate leaves, is common in 
marshes. 

Order 2. Loganiace-B. Corolla with usually valvate aestivation. 
Ovary 2-4-locular, eacb loculus containing one or several ovules : 
seed witb endosperm (Fig. 157 A). Mostly trees with opposite and 
usually exstipulate leaves. 

Semen Strychni or Nux vomieaj the seed of Stryehnos Nux vomica in the East 
Lidies, is extremely poisonous. The South American Indians poison their arrows 
with the sap of the cortex of Stryehnos guyanensis, under the name of Curare. 

Order 3. Apocyneji. Corolla with contorted aestivation. The 
two carpels are usually connate only by their styles, which become 
free as they ripen: seed usually devoid of endosperm. Herbs or 
shrubs witb milky juice. 

Nerium Oleander is an ornamental shrub. Vinea minor and other species, the 
Periwinkles, are common creeping plants, wild and in gardens. 
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Order 4. Asclepudes, Corolla with osoally imbricate Esti- 
vation. The two carpels iieaally form two distinct monomeroua 
ovaries ; Etyles short, united into one stigma : Btamsns connate, 
■forming a tube sorronnding the gyncecinm; having ponch-ehaped 
(Fig. 224 B, and spnr-ahaped (Fig. 224 B, A) appendages: 
anthers 2-4-Iociilari the pollen 
of each sac forms a mwa (pol- 
liniam), and the masses of each 
pair of contignons sacs adhere 
(Fig. 224 (7,p,y) and are con- 
veyed hj insects to the stig- 
.mas ; ovules nnmerons, at- 
tached to the ventral suture: 
seed usually without endo- 
sperm. Generally woody 
plants, often . climbers with 
milky juice. 

Aiciepiai ij/riaea and other gpeoiea 
are grovn in gard«iiB, aUo Hoya earn 
cactus-like stem. 

Order 5- OlBacbx. Calyx and corolla usually 4-merone, some- 
times wanting;, corpUavrithTalvateaistrvation: stamens and carpels 
2, alternate : ovaiy bilocular : ovules, 2 in each locnlus, suspended 
and auatropona: fruit a capsule, a berry, or a drupe : seed with 
endosperm : stem woody : leaves always decussate. 




iFflr of Ascl^piftfl (TDttffO : c 
(he leOaied oonilla ; B lUgma { li the Bpurs, t 
ch« pooches o( Che BUmeiiB. B A Bolilary >Ub- 
men; athBuither. CPoUeu-iiiBaset.p andp. 

yia, the Wai flower. Stapelia has a fleshy 



Sub-order 1. Olbduis. Fruit a hony 
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Llgaftram has a baoeste fmit ; L. vulgaret the PHyet, is a eommob riurab. 
Olea luM a drnpaoeoiia iniit ; O. arngMia it the Olm-tree of tha East and of 

Sub-order 2. Faixunui. Fruit a capsuU* or vinged and indddsoent (samara). 

The genus Fjraxinus has a winged fruit ; in F, excelsior, the eommon Ash, the 
perianth is suppressed and the flowers are polygamous ; in F. Omiw, the Iftuum 
Ash of Souibsm Europe, the perianth is complete, and the eorolla is deeply deft 
(Fig. 225 J), The fruit o| tha i^Baxis Syringa is a t-Talvad eapsole ; tha limb of 
the corolla la 4-lDbed; £f. fn^rli is the Lilao. 

Order 6. Jasmines, (kiyx and corolla 4t-5-meroTis ; eorolla with 
imbricate cestivation; stomens and carpels 2, alternate: orary 
bilocnlar: oynles, 2 in Qaeb locnlns, erect, anatropons; fmit a 
capsnle or a berry : seed withaat endosperm. Shrnbs, often climb- 
ing, with scattered learesk 

The flowers of Jasminum grttndiflorum and other species belonging to Southern 
Europe contain a very fragrant ethereal oil. 

Cohort 5. Ebenales. Flowers actinomorphic, 4i-8-meroii9; 
formnla often J5l(4) 0(4) A4a + 4, 0^*, the onter stamens being 
sometimes suppressed : stamens epipetalons . carpels opposite to the 
sepals: ovary mnltilocnlar, with one or two suspended ovules in 
each locxdns : fmit usually fleshy 

Order 1. Safotejs. Tropical trees with milky juice. 
Jtonandra Outta, an East Indian tree, yields Gutta-peroha. 

Order 2. Bbbnace j:. Trees ; flowers generally diclinous. 
Diospyros Ehenum in the East Indies yields the wood known as Ebony. 

Order 3. Sttrace Ji. Flowers perigynous or epigynous : trees. 
Gum Benzoin is the resin of Styrax Benzoin in the East Indies. 

Cohort 6. Primulales. Flowers actinomorphic, usually pen- 
tamerous: formula K(b) (0(5) AO + 5) O^^i stamens inserted on 
the tube of the corolla and opposite to its lobes : ovary consisting 
of five connate carpels which are opposite to the sepals^ unilocular, 
with a free central placenta or a single central ovule. 

Order 1. Pbimulacba Style single : ovules indefinite, on a free 
central pliacenta (Pig. 148 0) : the corolla is gamopetalous> tubular 
below, expanding above into a 5-lobed limb which is wanting only in 
Glaux: the anthers (Fig. 226 a) are adnate to the tube of the corolla 
and are opposite to its lobes ; this position of the stamens is ex- 
plained by supposing that an outer whorl of stamens (which is 
represented in the following order by petaloid staminodes) is here 
suppressed : fruit a capsule. Herbaceous plants with conspicuous 
flowers. 



2?5 

Tbe genu Piimnl* haa a t-valTed deliw««iit eapenle, uid ■ E-«leIt oalji. 
PrtMula <I(ftier and P. vrrif are the Oilip ani. the Cowslip ; they aie remsA- 
Me in thai the; aie beteTOEtyled ; that is, Uist in Bome Aowera (^g. S2S B] the 
style ia AB long as the tube of the corolla, aild the atamena are Eitnated at aboKt 
halt the height, whereaa in othen <Fig. 93a J) the ^jte ia only haU tbe ki^ 
and the anthsn ais inaetied in the throat o( the eiH«Ua ; ItrtiliaaUoa only lakes 
place when the poUea «t tha aatban which oonespond in tbalr poaitioD to the 
length of the atylM to ^qiltod to ttteii Bfigmaa. The e^ieale of AnoftUlit 
arceiuii, the Pimpernel, dehisces tranaveraely (pyiidiom). Cyelamai atropteum, 
the SoW'braad, has m andaigroaiid tnb^; the lobes Of AM eoioUa are ceflexed. 
Lytitnachia baa a dosply (-eWt «al7x. Trieat*^ baa oautdly » T-memna 

Order 2. Mthsirks. Tbese {daata differ frtnn the prece^ng in 
tliat the froit ia baccate and th« stem woodf . 
Anlisia, vith red benrlM, ia a well-knomi ontamaata) phnd. 




Fia. 2M.— DImoi-pUc flovera of Prioiutii tlotwr la longiendinBl sac loo. A Bborl-styled. 
B Long^lyled Ibrmi i ciljii e oonUat a antKan; / ovarji ( style; ■ itl^nia. Floral 

Order 3. FLUMBiGnrxx. Styles five: then is a single basal omle 
in the cavity of the ovary; flowers often small, in dense inflores- 
cenoes with namerons bracts. 

' In the genoa Armcria the flowera are in capitolai which are annoaoded by an 
involncre formed of the lower Hoarians bracts ; A. vulgaris, the Thiift, oconrs on 
S3ndy aoila. Statioe, with one-sided epikes, ooonra on aandy aed^hoieBi flnni- 
bago oocnra in Bonthem Enrope and In the East Indies. 

Cohort 7. Ericales. Flowers 4-5-meroiiB, actinomorphio : sta- 
mens nsnally in two whorls, and nsoally hypogynons : carpels 
opposite to the petals: formula K{n) 0(n) .dn + n | Q(n), where 
n=4 or 5: ovarjT superior or inferior, mnltiloonlar, with lat^ 
projecting axile placentae: seed with endosperm: anthers nsnally 
appendicniate. 
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' Order 1. Ericacex. Anthers generally Opening hj two pores at 
the top (Fig. ?27 A), faruished with appendages : fmit a locnlicidal 
capsule, or fleshy. 

The genaa Erica baa a 4-lobed corolla and a loonlicidal capBOle : Erica Hnerta, 
Tflralix, and Calluna vulgarii, the common Heath or Ling, occur on faeaUia 
and mooTB. Aretottaphyloi Uva (Jriiis the Bearbeir;; iti tmit ia a berry. 
Arbuiui Utudo, the BO'Oalled Strawberry- tree, belongs to Sontham En^ope. 

'. Order 2. Efacbidbx. The whorl of stamens opposite the petals 
is nsnally wanting : the anthers open by OHe.fiasars only. Aostra- 
lian plants. 

Order 3. BhOdobace*. The anthers tfStially open by two apical 
pores, and have no appendages : frnit a septicidal capsnle. 

Shododtndron /ttruffineum and hinulum, the Alpine Boss, are wild on tli* 
Continent ; other apeciea of Bhododendron and Azalea from India and the 
aouthem ehores of the Blaek Sea are cultivated. 




Fia. 327.—.! Floirar of Ericut i pedicel; k calyi) s oorollm; a uthers. , 
Pinvla rclundi/olia : i pedloeliiinlri! f trait, the locnli oT irhloh nlierosM with ths Bapsli i 
VBtJ-lei flBUgma. C Flower of Faccini-im Hvrlillw; /OTar; (liiferior>i ialjx; (corolla. 
Floral diagram of Erica ; the atameoB opposite to the petals are faiutl; ebaded. 

Order 4. PiBOUCEJt. Sepals more or less distinct : petals com- 
monly connate at the base onlj: anthers without appendages, 
generally dehiscing traneversely or by pores: fmit a locnlicidal 
capsule : seed minute, with an extremely small embryo, consisting 
of only a few cells and a relatively massiTe integument. Sapro- 
phytes containing chlorophyll. 

PyrolaTOlundifolia,ieBtaida, minor, fmd uttf^a, theWinter-greena, are lonnd 
in woods. 

Order 5. MoKOTEOPEi, Saprophytes devoid of chlorophyll, with 
Bcale-like leaves, otherwise resembling the Fyrolacefe, 
ilonotropa Bypnpttjit, the Bird'S'nest, ie not veif oommon in England. 



Order 6. Vacciniej;. Ovary inferior (Fig. 227 0) r antliBre with 
appendt^fea (Fig. 141 B), UBnally opening by two pores : frnit a 
berry. 

Vaeeiaiam Vitit-Idaa is the red Whortleberry or Cowberry [ it, nanally 
bloBsoma utd bean fruit twice in the year. V. MvrliUm ia the Bilbeny or 
Whortleberry, with docidaons leaves. V: Oxyeocau, the Cranbeity, and f. 
ttl^tnoiuui, the great Bilberry, are lo<r shrubs oconrring on moors. 



EPIGXNJl. 
OvMy inferior. 
Cohort 1. Gampanales. Flowers actinomorphic or zygomorphic, 

pentameroQs; Bepals leafy and narrow: stamens nsnally free from 
the corolla, hut often conaate : ovarj of two to five carpels, inferior : 
formula K(5) 0(b) J(5) G^ to h. 

Order 1. Cahpaxdlacks. Flowers nsnally actinomorphic : sta- 
mens five, often connate at the base : ovary nsnally trilocnlar, with 
I ovules ; placcntation axile : fmit a capanle : seed with 
Mostly herbs with milky jnice. 





,,UgnmB<mag,(. 

Cantpamila rotiindifolia, the Hare-bell, glomerata, and other species are com- 
mon in fields, on heaths, etc.i etc. : C. midia ia Ihe Canterbury-bell coltivated 
in gardens, thytevina orbitulare, ipteatum, the RampioDB, are indigenous in 
parte ol England ; the Sowers are in oapitnls, and the oalyx is deeply E-cteft 
with spreading teeth : nearly allied is the genus Jt/mme ; J. montana, the Bheep's- 
bit, is oommon in England. Speenlaria has a rotate corolla; B. tpeeulum, 
Teuns's Looking-glaaa, is cultivated. 

Order 2, LoBELiiCBi. Flowers zygomorphic (Fig. 230) : the 
corolla commonly forms a tube which is more or less cleft on one 
dde, and the limb ia divided into two lips, the lower one consisting 
of three lobes (Fig- 230 A, «) and the npper of two snuJler ones 
(Fig. 230 A, o) : at their first formation the position of tliose parts 



Vim K.—VUS CU&UriCATIOX cw puhtb. 



is oxDotljr (lio i'<»'orsc, but 



the conrae of deyelopment tbe pedied 
nndei'goH tonion, ao tliat thoM 
parts which are origmally pot- 
tenor become anterior, and net 
vend : anthers ayogeneaiinis 
(Fig.230J3,fr) and imeqiial in 
OonseqTience of the mjgoaux- 
phio atractnre of the flower: 
ovary 1, 2, or 3-lociilsr, vitli 
numerous anatropons omlei: 

. „, ~. ., U.U , V frnit a capsule : seed with en- 

S. Flower ol UA«Uai / onurt » . '^ ^ , , , 

aDder Up ot iiieoan>li*i« doBperm. Herbs or shniM 

>!«»•<». B Andrndom ud grncMiBm d( nOTaDv with a milky mine. 

formed bjthe UamBMi oa ' ' ' 




■Qltiers (mag.]. 

snd L. urfiu, the aorid Lobalia, ocour ii 



£. DorMoiMJ, the 9 
ne ports of EngUttd. 



Asterales. Calyx inconepicaons, often wanliDg: 
Btamens epipeiabtts, alternat- 
ing with the segments f& ^h 
corolla: ovary nnilocalar.OTiile 
solitary. 

Order 1. Talisiaris. 
Flowers zygomorphio or ir- 
regular, originally pentamer^ 
ons: calyx wantii^, or some- 
timee assuming ilie form of a 
haiiy corona of tea rays, called 
a pappus, which is not de- 
reloped until after flowering 
(Fig. 231 B, p), during flowei^ 
ing it remains short and in- 
folded (Fig. 231 A,i): only 
three stamens are nsually de- 
veloped: carpels thre^ &nn- 
ittg a trilocular ovary, of whiohi 
however, never more than out 
looulus derelopes ; ovule single, 
suspended (Diagram A, Fig. 

«ir>:-«.«ii.i.,p„i.t.t,u„™f ^^^' *^ without endo- 
p p«ppa». Floral diagiuu, ^ rf ^perm; leaves decusaatei ex- 
stipulate. 
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Valeriana qfiieinalUf and dUdea, bxb eommon in damp places. YaleriatMlla 
lias a toothed ealyx-limb; many species are common in fields: Valeriatulla 
olitoria, Comsalad, or Lamb's lettuce, is eaten. Centranthus ruber is an orna- 
mental plant ; only one stamen and one carpel are developed (Fig. 281, Diagram 
B) ; at the base of the tuba of the corolla is a spar which is Indicated in 
Valeriana by a protnberanes. 

Order 2. DiPSiCEJe. Flower originftUy pentamerotiSy and stir- 
rotinded by an epicaljrx (Fig. 232 Je'j formed of ooimate bracteoles : 
calyx often plumose or bristly (Fig. 232 k)i corolla bilabiate: 
stamens only four, the posterior one being suppressed: ovary 
nnilocnlar, with one suspended ovule : seed with endosperm : leaves 
decussate, exstipulate : flowers in a dense capitulum surrounded by 
an involucre : the outer florets are usually ligulate : the receptacle 
may or may not bear scaly bracteoles: fruit invested by the epicalyx 
which is cleft longitudinally. 

DipsacQB, the Teazle, has a calyx withont bristles ; the oapitnla of Dipiacus 
FuUontan are used in finishing woollen eloth, for the sake of the strong hooked 
spines of the bracteoles : 2>. 8ilve$tri$ is eommon on waste ground. Scabiosa has 
paleflB, and the projecting limb of the epioalyx is dry ; 8. Columbaria is common 
in pastures. In Succisa the limb of the epicalyx is herbaceous ; 8» pratensis 
occurs in damp meadows. Knantia has paleaa ; epicalyx entire : K. arvensU is 
common in fields. 

Order 3. Composit-S. The flowers are always collected into many- 
flowered capitula (sometimes only 1-flowered) : in the same head, 
hermaphrodite, female, and asexual flowers generally occur : ovary 
inferior, unilocular, with a basal, erect^ anatropous ovule : the calyx 
is rarely present in the form of small leaves or scales (Fig. 235 D, j?) ; 
more commonly it is a crown of simple or branched hairs (Figs. 233 
p, and 235 A^E^p)^ and is not developed till after the flowering is 
over ; it is termed the pappus : sometimes the calyx iis wholly want- 
ing : corolla tubular, either regular, and 5-toothed (Figs. 233 A^ c, 
235 (7, m, c), or expanded at the upper end into a lateral liinb with 
3 or 5 teeth (Figs. 233 B, 235 B, ra\ (Fig. 235 A, c), when it is 
said to be ligulate: the stamens are short, inserted upon the corolla 
(Fig. 233 Ay sf) ; the anthers are elongated and syngenesious, 
forming a tube through which the style passes (Figs. 233 A^ a, 235 
Af a) : this is bifid at its upper end (Figs. 233 A, n, 235 A and 7*) : 
on each of these branches the stigmatic papillse are arranged in two 
rows : in the wholly female flowers the styles are usually shorter 
(Fig. 233 B, g) : fruit an inferior achene (cypsela), crowned by 
the pappus (Fig. 235 E and JD, p) when it is present (Fig. 235 F^ f) : 
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sometimes tbe fmit has its upper end prolonged into a beak, tod its 
snrface is covered with ridges or epinea (Fig. 235 ^, A) i seed with- 
out endoaperm. 

TTsaallj' herbs with scattered (more rarely decussate), ezstipulate 
leaves, often with milkj' jnice. The oapitola are always sniroimded 
by a nnmber of bracts forming an involucre (Fig. 235 B, i). The 
scaly bracteoles of the individual fiorets (palen) may be . present or 
waafciug (Fig. 235 C,d). 

The Compositfe are classified according to the form of the flowers 
and to the distribution of the sexes in the' inflorescence. 




Fio. M3.— Flower of Arnica (iMg.). -J Flo 
BMftrginal floret (rar)i/ovarjipp»ppa»i o 

Sub-order 1. TnerLtFLOBa. The eapitala either con^t entirely of herma- 
phrodite tubular florets (b; tDbolar floverE are meant those with a regnlar 
6-toothed corotta) or the central florets (florets of the disc) are tubular and 
bermaphrodita (Fig. 333 A), nheress the florets of the ra; are ligolate and female 
or aseinal, snd form one or two rows (Figs. SS3 B, 2SS B, Va). 

Tribe 1. EwpatorUa. Lesvea mostly opposite : flowers all tabnlu, herma- 
phrodite ; the branches of stj'Ie Darrow ; papillae extending to the middle. 

Eupatorium Canitabinum, the Hemp AgrimoDy , is common in damp places. 

Tribe 2. Tiuiilaginea. Leaves altenuite, radical t ray-florete female, somo-. 
times lignlate ; the branohes of the style are bifid at the tips. 

Petaiilti vtUgarii, the Batter-bm', and Ttutilago Farfara, the Colt'a-foot, are 
common in wet fields. 

Tribe 3. AtUroidta. Leaves alternate: ny-florets female or neater, geueralljr 
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lEpilftte : liraitcheH ot-the itjle liair; abore. papille extending to nhere the bsiiB 
begin. Many species of Aster, belongiiig chiefly to North America, are cultivated 
as ornamental planta, as also CallUtephut ChiwtuU, oodudodI; known aa the 
China Aster. Brigtnm atrit, alpinut and eanadetuit ooenrin England; the 
last is an imported weed. Bellit pereanU, the Dais}', is universal. Bolidago is 
the Golden Bod. 

Tribe 4. Serucionidea. Leaves alternate: ray-floretB ia ona row, lignlate, 
female, raret? absent : branches of the style tnf ted at the tips. 

Stneeio vulgarU, the QronndBel, )h -aniversal as a ■weed. Arnica ntontana 
oecttrs in Alpine woods. Two species of Doronicam have become natntalized in 
England.. 




bmcteolci (palea) \ 



3.~noiren of CompOBftB! / fmit or ovar;; h lU bak; p pnppui; c enrolls; • 

n itiginaA. A Lignlate Qow«r of lUraxacnm, with a S-tootbod corolla-limb, faerma- 

B Capllalnm of AcbUIn (mig.)^ ra floret ol Iha ray. irllh lisnlst« S-uwtbed 

omalQ; m hAmuphrodtte florets of the diu, with a S-toothed tnbalar corollai i 

s blgbl; nutgnliled ; r rAcaptuls; 






fioret of the fliio ; »' ntgniM of tl 
ilj pappoi. I Of T 
Aitemliia, wlthonl a pappus (msff.}. 









Tribe 6. Anthemidea. Leaves alternate : lay-floreta female, lignlate oi 
lar : braQches of style tnfted at the tips ; pappns 0, or mionte. 

Artemiiia Abtj/nthium, Wormwood, A. vul^arit and eamptitrii are oammon ; 
Chryiaitlhemum Leueanttiemum, the Oi-eye Daisy, is common in fields. Uatri- 
taria Ckatmmilla, the Wild Chamomile, has » hollow conical receptacle 
destitate of palea. AntkemU nobilU, the Common Chamomile, has a receptacle 
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bearing palesB, as also A, arventU, the Com Chamomile. Achillea MiUefoUum 
is the ICilfoil. Tanaeetwn vtUgare is the Tansy. 

Tribe 6. HeUamthea, Leaves opposite: ray-florets or hgolate, yellow, 
female or neuter : branches of style as in Asteroidea. Bidens is common in 
wet places. Gtalinsoga is naturalized in England. 

Helianthus annuus is the Sunflower; oil is extracted from the seeds: the 
tubers of H, tuberonu, a West Indian qpecies, are rich in innlin, and serve as a 
vegetable and for fodder (Jerusalem Artichokes). 

Tribe 7. InuUtB, Leaves alternate : ray-florets ligolate, female, yellow : 
branches of style as in Asteroideie. 

Inula Helenium is the Elecampane. 

Tribe 8. Cynarea, Flowers all tubular, the outer ones sometimes female or 
neuter:' style thickened below the branches: leaves generally armed with 
spines, alternate. , 

Arctium Lappa^ the Burdock, is common by roadsides; the leaves of the 
involucre are hooked and spinous. Cardwu imtans and crUpus are common 
(true) Thistles; Carduut {Cirsium) laneeolaUu, palmtrit, pratensU (Plume- 
thistles), are common in damp districts. Carlina vulgaris is the Cailine ; the 
inner leaves of the involucre, which are white, fold over the flower head under 
the influence of moisture, but in drought spread widely open. Centaurea 
Scahioia and nigrat the Knapweeds, are common everywhere. C, Cyanut is the 
Corn-flower or Blue-bottle, occurring in wheat fields. Cynara Scolymnu is the 
Artichoke ; the flower-buds are eaten as a vegetable. Carthamtu tiitctoria, the 
Safflower, is used in dyeing. In Echinops, the Globe-Thistle (exotic), numerous 
one-flowered capitula are collected into one large spherical head. 

Tribe 9. Onaphaliea, Leaves alternate, entire : bracts scarious : flowers all 
tubular, the outer ones female : branches of style papillose at the tips. 

In Gnaphalium, the Cud-weed, and in Filago, the capitula contain female and 
hermaphrodite flowers, but in Antennaria, the Everlasting, the flowers are 
dioecious. 

Sub-order 2. Labiatiflobjb. The hermaphrodite florets have a bilabiate 
corolla ; the male and female florets have a ligulate or a bilabiate corolla. South 
American. 

Sub-order 3. LiaxTUFLOBiE (Cichobiacejb). All the florets are hermaphrodite; 
limb of the corolla 6-toothed and lignlate (Fig. 235 A), 

Taraxacum ojfficinale, the Dandelion, is the commonest of wild flowers. 
Lactuca tativa is the Lettuce. L. Scariola^ viroia^ and others, are common 
in waste places. Scorxonera hispanica is eaten as a vegetable. Tragopogon 
porrifolium, the Salsafy, and 2\ pratensis, the Goat's beard, are common. 
Cichorium Intybus, the Chicory, is found by roadsides ; the roasted roots are 
mixed with Coffee : C, endivia (Endive) is a vegetable. To this group belong 
also the genera Hieracium, Sonchus, Crepis, Lapsana. 

Cohort 3. Rubiales. Leaves generally opposite: calyx 
generally present and incised : stamens epipetalons, alternate with 
the segments of the corolla : ovary 2-8-locnlar, ovnles 2 — oc. 

Order 1. Rubiaceji. Flowers actinomorphic, 4- or 5-meroxLS : 
calyx leafy or suppressed : corolla with valvate aestivation : ovary 
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1- or 2-locnlar, consisting of two carpels, 1- or many-seeded : seed 
nsnallj containing endosperm : leaves decossate, stipnlate : stipules 
similar to the trae leaves (Fig. 236 A, nn): the true leaTCS are 
distingnished by the branches which arise in their axils (Fig. 236 

J, J/,,,). 

Snb-order 1. StUiLATX. StlpnleB large tad leftly ; locnli 1-ieeded, 

Oalimu, B«cU(rtir, has a rotabe oorotla and an inoongpiononi calyx, nsnalljr 

tetrameioiiB : O. vtrum, Mollugo, Aporine, and othws are Mmmon in bedgM 

and pastures. Aipemla hoe an mfandibiilifoiiii cotolla, bat in otliei lespeots 

the Bower rsaeinbleB that of Qalinm; A. odorala, the Wood-rti2, ii common. 

Jivbia EiTicCoruni, the dyer's Uaddtr, biu a pentanwroiia flower, a rotate ootoHb, 

and a baooate fmit ; it 

IB used in dyeing and 

laigelf coItiTated ; it is 

indigenoOB in Bonthem 

Europe and the East ; 

it is eloset; allied to 

the British species B. 

peregrina.Oie Wild Mad- 
der. Shewdia has a 

oonepicaoae caljs ; 8. 

arvttuii, the Field Mad- 
der, iB found fai enlti- 

Tate^ and waste place*. 
Snb-order 3. Corru- 

otM. Btipules Bcalf ; 

loonli l-seeded. 

Cnffea arahiea, the 

CoOee-tree of Abioa, is 

grown in the tropMi; 

the froit, a berry, eon- 
tains one or two seeds ; 

the so-called ooSee-bean 

is the seed whiob con- 
sists of endosperm and 

contauis a small embryo. _ 

Cephaelis yieldi Ipeca- nauthen. 

obnana. 
Sob -order 3. CmcnomM. Stipules soaly : locnli many-seedecL 
Tarions species ot Cinchona, indigenons to the eastem alopes id the Andes, 

hat eoltiTnled in Jan and the East Indies, yield the einohona-barh from which 

Quinine is prepared. 

Order 2. Cafrifolulcex. Flowers nsnally pentamerons, aotino- 
morphic or zygomorphic: corolla usually with imbricato (estiva- 
tion; ovary 2-5-locnIar: omlea suspended: £ruit baccate; Bood 




Fis, tsa.— J Fortion ol ■ Kam ol Rahia 

leaves witli ths ;anag iboou (• >) In their uils : 

le« nMrabllng (he leaTet (nac Mta). 

.):/0Tarri t calfX (ni l Un w n Uir); e corolla ; 
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with endosperm: leaves opposite, nsually exstipulate. Mostly 
trees or slirubs. 

Tribe 1. Sambucea, Corolla rotate, usually actinomorphic ; one ovule in 
each loculus. 

Sambucus, the Elder, has a 5-partite corolla, and 3-5 seeds in the berry ; 
8. nigra is the Elder. Vibomum has a 5-partite corolla, and 1 seed in the 
berry ; V, L'antana and V, opulus^ the Guelder Rose, 'are common ; a form of 
the last species is cultivated, in which all the flowers (and not merely those at the 
circumference of the corymb as in the original species) have large (Corollas, and 
are barren. Adoxa moschatellina is a small plant occurring in damp woods ; 
the stamens are branched. 

Tribe fi. Lonicerea, Corolla tubular, usually zygomorphic : loculi containing 
several ovules. 

Lonicera, the Honey-suckle, has 2-3-locular ovary ; L. Caprifolium and Peri- 
elymenum, with a climbing stem, are well-known garden shrubs ; in many species 
the fruit of two adjacent flowers grow together to form a single berry (e,g., L, 





Pig. 237.— Floral diagram of 
Caprifoliacc8B. A Leycesteria: 
a gynoBcium of Lonicera; b of 
Symphoricarpus. 



FiQ. 238.— Flower of Lonicm'a Caprifolium : /ovary; h calyx ; r tabe; c e the five lobes of 

the Itmb ; »t stamens ; g style ; n stigma. 

alpigena), SympTioricarpus racemosuu, the Snowberry, has a 4-6-looular ovary 
and white berries ; it is a common ornamental shrub. Diervilla has a bilocular 
capsule ; D. Canadensis and rosea are ornamental shrubs. Linnaa borealis is 
a small creeping plant in Norway and in the Alps. 



SUB-CLASS III. POLYPETAL^. 

Flowers nsnally hermaphrodite: perianth nsually consisting of 
calyx and corolla, th^ petals being free. 

SERIES I. CALYCIFLOR^. 
Flowers epigynons or perigynous : calyx usually gamosepalous : 
stcuneDfi definite or indefinite : gynoecium syncarpous or apocarpous. 
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Cohort 1.' Umbellales. Flowers nBllally ^Hnoniorpbic, epi- 
gyaojia, with generally a single whorl of stamens oppoBite to the 
sepals : calyx inconapicnons : ovary bilocnlar, with one omle in 
eachlocalns: a diso between the stamens and the styles; inflores- 
cences nsnally umbellate : seed containing endosperm : leaves 
OKstipnlate. 

Order 1. TJubellifeba. Formnla, £S, C5, A5, Q^ : the calyx is 
generally very small, often hardfy visible ; the corolla consista of 
five rather small white or yellow petals ; occasionally the outermost 
petals of the flowers at the circnmference of the umbel are larger 
than the others, and the umbel is then termed radiate: stamens 
five ; ovary inferior, bilocnlar : the base of the two styles is fleshy 
and thickened, forming an epigyuons disc (Fig. 239 A d) ; one 




Tie. S3».—A Jlowei-'of FcBnlenlom (mag); /oTary; o Borolltti • elamanB; d dite. S 
fruit of Hsncleam ; fi p«dlce] ; 3 Myle 1 r r r ridge*, (costsi) 1 rr m&Tgliial tidgei ; a oil. 
ducts (rittm) litag.l. C Tr»n«varw leotion of meriearp of Carum Carui: n anrfico that 
cornea Into eontaol wllh tbe othsr meiicuii ; tIHb ; * endoapenn. S TraniTene uMioD 
of morCcsrp of ConLnio. BFrnit of Corlandnuni fcmargine of the snrface along wbloh the 
tTo merhnrpa art in i^^ntHct; T ridge*; n seaondai? Hdgu. f SeeUon of amerioarp Itaae-). 

suspended ovnle in each locnlns of the ovary (Fig. 148 E) : the fmit, 
when ripe, splits into two mericarps, each locnlns of the ovary 
being permanently closed by a median septnm (Fig. 240 a). The 
Btrnctnre of the pericarp is aa important ch&racteristic for the 
classification of the family. The frnifc is commonly either oval in 
- form (Fig. 240), or compressed (Fig. 239 B}, or nearly spherical 
(Fig. 239 E) : its snrface bears longitudinal ridges (aw/fs), five 
generally on each mericarp ; of these, two nm along the margins 
(Fig. Si39 B, C, 7>, rr), and tbe other three along the dorsal surface 
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;Fig. 239 B, O, D, r). In tlie spMcs between the ridges, iriiicb 
tvna iamma, Ke <A4ne^ or nceptaclea (vi'OtK) (Rg- 239 JB^ C^ o), 
and aometimen other weeoaAaxj ridges {Tig. 239 £, J*. ■). Tbe 
Kiericarp when ripe b filled bj^ tbe seed, of wUd tiie btrger pari 
connctfl of endoaperm (Rg. 239 0, D, F, e)enclo«a^ s ■iwiB emAfrjo. 
According to tbe form awtuned "bj tbe endoaperm, the tdBawka^ 
groopi mxy be dutit^uiabed : the Or&otpermeee, in wlndi Ihe 
mirface of the endoaperm which is directed towards tbe plane of 
junction of the two mericarp^ is flat or conrex, as in Camm (Fig. 
239 0) : the OMnpylotpemiaE, in which Hbe endosperm is eoncave 
towards the same jJane, as in Conium (Fig. 239 V), and the 
Caloipermete, in which the whole endosperm ig corred, wo that it is 
seen to be concave towards this plane both 
in longitndinal and in tranBTerse section, as 
in Coriander (Vig. 239 F). 

The flowers, with few exceptions (As- 
trantia and E^ynginm), an m componnd 
nmbeb; in wmae few caaes, aa mt Daucne, 
there is a scrfitarj' termini flower which is 
black in cdoar : an inTohKra and involncels 
are largely developed in some species, in 
others they are wholly wanting The hollow 
stem bean laige leaves with generally well- 
developed sheathe and much-divided laminee. 
Rarely the leaves are entire and amplexicanl, 
as in Bnpleornm, 

Bnb-ordec L OaimtatKnaM. 

ami. ^ 0W7 of (bs Boner 3>ibe 1. Hydrocotylea, Fruit latenOy oam- 
(/). S nip* fnlt. Tha two pressed. The gentu Hydroootyle ooiuutB of nuiah- 
iwnii brnvg HipuvMd H u to plants with peltate leavei 

fma t*om«riij.rp. (m). Put ,^^^ 3 SanicuUo! Fmit Dearly oylindrioal. 
of lilt Krplam oonBbltiita* the „ . . , , , . „ . 

•iqihopboni (a). ""* group mclodes the geceia Aitrantia, Eiynginm, 

and Sanianla. 

9. Umbeli eomponDd. 

Tribe a. Ammiiua Fruit vltbottt Eecondnry ridgei, laterally eompresied: 
Bnplaamii], PetrawUnnm, Aplttm, ^gopodinm, Carom, Cioata, Sinm. 

Trlba 4, 8tt4lin4m. Fmit without ■eoondarj' ridges, eironlar in tmuverH 
•action: ^thnaa, Fcsulcnltun, (Enantbe, Beseli, Henm. 

TrilM 6. Angelleea. Fmlt without lecoDdarj ridges, compressed in the 
modliw plane, the lateral primary ridges winged, Qm wings of the two medcaipj 
dlvergeDt: LeTiitiomn, Angelioa, Archangeliaa. 

Tribe 6. Ptaeidanea. Fmlt without BaeoaSarj ridgei, compreased in tha 
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median plane, the lateral primary ridges winged, the wings of the two meriearps 
apposed : Pencedanimi, Imperatoria, Anethnm, Pastinaoa, Heraeleam. 

Tribe 7. SiUrinea* Each merioarp has four seoondazy ridgea : Siler. 

Tribe 8. Thapiiea. Each merioarp has four secondaiy ridges, of which the 
external ones at least are winged : Laserpitium. 

Tribe 9. DaueineiB. The secondaiy ridges are spanovs: Danens. 

Snb-orderll. Camptlospsbmsjk. 

Tribe 10. Cavealinea, Secondary ridges spinous: Ganoalis. 

Tribe 11. Seandieea. Fmit without secondary ridges, laterally compressed, 
usually beaked : Anthriscus, OhflBrophyllum, Myrrhis. 

Tribe IS. Smymiea, Fhiit without secondary ridges, unbeaked : Conium, 
Smymium. 

Sub-order nL Goelospebmbjc. 

Tribe 13. Coriandrea, Fruit spherical ; secondary ridges more prominent 
than the wa^y primary ridges : Goriandmm. 

Anthrueui silvestrUf Carum Carui^ the Caraway, Heraelewn tpondylium, the 
Cow-Parsnip, Mgopodium Podagraria, Pattinaea satioat are common in meadows 
and woods. The following are cultivated: Apium graveoUnt, Celery; Petto- 
selinum tativum, Parsley ; Dauctu Carota, the Carrot ; Pattinaea oUraeea^ the 
Parsnip; AntkrUem eerefolium^ the CherviL The following are poisonous: 
Conium mactUatunit the Hemlock ; Cieuta virosat the Water-Hemlock ; JEthusa 
Cynapiunit Foors Parsley, 

Order 2. ARALiAGEiB. Flowers generally pentameroas ; stamens 
sometimes more nnmerons; carpels more or less nnmerons: fruit 
a berry or a drupe. Shrubs, sometimes climbers, with scattered 
palmate leaves. 

Hedera Helix^ the Ivy, does not blossom till it is some years old : the umbels 
are borne on erect brancbea, the leaves of idiich axe entire. Fattia papyri/era 
is used in Japan for making a kind of paper known as rice paper ; it is made 
from the pith. 

Order 3. Cobnacejb. Flowers tetramerous, with a dimerous bi- 
locular ovary : fruit usually a drupe. Shrubs with woody stems and 
entire opposite leaves. 

Comw mat, the Cornel, has yellow flowers which bloom before the unfolding 
of the leaves, and a red fruit. C, tanguinea and tueeiea are common shrubs. 
Aucuba japoniea has coriaceous leaves, dioaeious flowers, and a baccate fruit. 

Cohort 2. Ficoi dales. Affinity doubtful. Flowers epigynons 
or perigynous, with the very numerous petals and stamens, and 
often the sepals also, arranged spirally : ovary uni- or multilocular : 
placentas parietal or basilar. 

Order 1. Caotea. Flowers acyclic, epigynons, with numerous 
sepals, petals, and stamens, which gradually pass into each other : 
ovary unilocular, with three or more parietal placente: ovulea. 
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horizontal ; endosperm little or none : stems of the most various 
forms : leaves nsually represented by tufts of spines. All are indi- 
genous- to tropical America, but many have been introduced into 
the eastern hemisphere. ' 

MamiUaria has a spherical or cylindrical stem on which tubercles, arranged 
spirally and hearing spines, represent the leaves. Echinopsis and ij^chinocactus 
have angular ridges on which the tufts of spines grow.. Cereus has. an angular, 
columnar, elongated stem. Phyllocactus and Bhlpsalis have compressed leaf- 
like stems. Opuntia and Nopalea have flattened stems composed of a sno- 
. cession of flattened oyate shoots. The Cochineal insecl} lives on Nopalea cpcci- 
nellifera. 

Order 2. Aizoacejb (Ficgidej:). Flowers with a simple perianth 
and usually indefinite stamens, the more external of which are often 
transformed into petaloid staminodes : ovary multilocular. 

Many species of Mesemhryanthemum, natives of South Africa, are cultivated ; 
in Aizoon the flowers are perigynous. 

Cohort 3. Pass ifl oral es. Flowers actinomorphic, epigynous, 
perigynous or hypogynous, pentamerous: stamens in one or two 
whorls, or indefinite ; gynoecium syncarpous, ovary usually trimerous 
and unilocular : ovules numerous, on parietal placentse. 

Order 1. Passiflgracejj. Flowers pentamerous, perigynous ; be- 
tween corolla and androeoium there is a disc consisting of a number 
of filamentous appendages : the androecium and the gynoecium are 
elevated upon an elongation of the axis: stamens five, often mona- 
' delphous, opposite to the sepals : leaves palmate. Climbing plants. 

Several species of Passiflbra, the Fassion-Flower, from tropical America, are 
cultivated. 

Order 2. Papatacej:. Flowers diclinous, hypogynous : stamens 
in two whorls : carpels five. 

Carica Papaya, the Papaw, is cultivated in the tropics on account of its edible 
fruit : its latex is poisonous. 

Order 3, Begoniacejb. Afl&nity doubtful. FloweiTS diclinous; 
the male flowers have two dimerous petaloid perianth- whorls, and 
indefinite stamens crowded together ; the female flowers are epi- 
gynous, the perianth consists of five petaloid leaves, the ovary is 
trilocular, with numerous anatropous ovules borne on axile placen- 
tae: fruit a capsule: leaves often very large, usually oblique: 
inflorescence cymose, the male flowers being terminal on the first 
branches, the female terminal on the last. 



OBODF IV. — FHAKEBOaAMS. 289 

Many apecies of Begonia, derived from the tiopicB, are cnltiTated U oma- 
mental plants. 

Order!. CucURBtTACEA. Flowers diclinonfi or polygamoiiB,actiiio- 
morphic : corolla gamopetalonB, of five petals : Btamens epipetalons, 
five, but two pairs cohere, so that there appear to be but three 
(Fig. 241, diagram) ; sometimes there is only one short one, with 
a lai^ sinuous anther: orary inferior, unilocular, or spuriously 
maltilocnlar, with one or (more often) many parietal ovules : fruit 
baccate (a pepo or a succulent berry), often of great size, Trith 
a relatively thick and solid epicarp: seeds without endospem}. 
Herbs with scattered leaves, iften climbers, the tendrils growing 
by the side of the leaves. 

CucuTbita Pepo is the Pninp- 
kin : the genne CnonmiB has tree 
stamens ; Caeamii tativa is the 
Cacumber, and Cufumit Uelo is 
the Melon : Citrallut vulgarit is C' 
the Water Melon. The genua 
Biyonia has a small white 
corolla; the locnli of the ovary 
are S-seeded, and the fruit is a ^i_ 

■accnlent berry ; B. dioica is 
commoQ in ahrabberiea and A. 

Cohort 4. Myrtales. 
Flowers usually actinomor- 
phic, epigynons or peri- 
gynons, with commonly two 
whorls of stamens: gynoe- 
cium syncarpous, with usu- 
ally a single style: leaves D(cacamii:/> 
nsnally opposite. "' ' 

Order 1. OnAaRiCEj;. tary 
Flowers usually tetramerous "fa* "as)- Floral dii««m 
throughout, epigynons : ovary multilocular, with numerous ovules 
on axile placentte : fruit a berry or a capsule ; seed without endo- 
sperm. Calyx often petaloid, forming a long tube (Fig. 242 A, r). ' 

(Enothira (iennii, tlte Evening Frimrose, ooonrs on river bonks ; the eeed has 
not a tuft of hairfl, and the flowers aie yellow. Epilobiam is the Willow Herb, 
of which many species are common ; £. atigtutifoliaiu, htriutum, and monlamim 
OOOor in fields, badges, and ditches ) the seeds have a toft ol long bain ; flowen 




LODBlIndlnal Kction or female Sower 
Turi ikovnlMi ta&l;i; CEoralla; 
idlmenMtT stamens. B LongltDdl- 

irolls (c) Is not all ■taovii (soms- 
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red, fruit a septifragal capsule. Circaa lutetiana (Enchanter's Nightshade) baa 
dimerous flowers K2f C2, ^2, G(,) ; common in damp and shady spots. Isnardia 
palustris has no corolla ; its fruit is a septicidal capsule. Fuchoa (Fig. 242 A)p 
many species of which are cultivated as ornamental plants, is a native of South 
America ; fruit a berry. 

Order 2. Lythrarie-ZE. Flowers perigynous, with two whorls of 
stamens : formula Xh, (7n, An + n, G^, where n = 3 — 16 : ovary free 
in the hollow receptacle: an epicalyx formed by connate stipules 
is often present : seed without endosperm. 

Ly thrum Salicaria, the Loosestrife, occurs in bogs and ditches: formula 
KQ, C6, A6 + 6, G{^) : the stamens of the two whorls are unequal in length, and 

the length of the 
style also varies ; 
three forms of 
flowers are thus 
produced (tri- 
morphism). Se- 
veral species of 
Cuphea, with 
a posteriorly 

B If spurred calyx- 
tube, from Mexi- 
co, are cultivated. 

Order. 3. 

M Y B T A E iB. 

Flowers 4- or 
5-merous, epi- 
gynous : sta- 
mens often 

Fig. 242.~il Flower of Faohsiat • pedicel; / inferior ovary; le very numer* 

sepals, connate at the base, forming a tube (r) ; a stamens ; g style ; n - ^ . f axv 
stigma. B Flower of EpHobivm hirsutum (letters as before). C Fruit * 

of Epilobiom after dehiscence : to enter wall ; m columella formed by and much, 

the septa; aa seed with tufts of hairs (nat. size). branched TFiff 

243) : seed without endosperm : leaves usually opposite, dotted with 
oil-glands. 

Tribe 1. Myrtea, Fruit a berry or a drupe ; stamens indeflnite. 

Myrtw communis is the Myrtle of Southern Europe ; Eugenia and Caryophyl- 
lus are also ornamental shrubs. 

Tribe 2. Leptospermea, Fruit a capsule, dehiscing loculicidally from above 
downwards: stamens indefinite, in bundles which are opposite either to the 
sepals or to the petals (Fig. 243). 

Callistemon, Melaleuca, Metrosideros, Galothamnus, and others, are omamefttal 
plants : Euealyptiu Olobulus^ from Australia, is much planted in marshy dis- 
tricts, which it tends to dry up by its active transpiration. 
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Tribe 8. Lecythidea. Frnit large, woody, dehiscing with a lid, or indehisoent ; 
leaves scattered, without oil-glands : stamens indefinite. 

Bertholletia excelsa grows in tropical America ; its fruits are known as Brazil 
nuts. 

Tribe 4. Oranatea. Fruit resembling a pome ; leaves opposite, without oil- 
glands. 

Panica granatum, the Pomegranate, grows in Southern Europe ; flowers 5-8- 
merous; receptacle petaloid; stamens indefinite; in the ovary there are two 
whorls of loculi, an external superior of which the locnli are as numerous as and 
are opposite to the petals, and an internal inferior consisting of three loculi. 

Order 4. Rhizophoeace^. Tropical trees with aerial roots, known 
as Mangroves : the seed often germinates in the fruit whilst it is 





Fio. 243.— Longitudinal section of 
the flower of Galothamnus : / ovary i 
i calyx; p corolla; §t liranched sta- 
mens; g style. (After SaolkS.} 



Pig. 244.— Flower-bad of Caryophyl- 
los, the Clove, in longitudinal section : 
f the inferior orary, with the oil- 
glands (dr); ak the ovules; k calyx; 
e corolla; it stamens; a anthers; 
style (enlarged). 



still attached to the tree, and the primary root extends till it reaches 
the earth. 

Cohort 5. Rosales. Flowers actinomorphic or zygomorphic, 
nsnally hermaphrodite, perigynons or epigynons: stamens rarely 
fewer in number than the petals or equal to them, generally in- 
definite in numerous whorls: gynoeoium more or less completely 
apocarpous: ovules anatropous, suspended or erect; seed with o]> 
without endosperm. 

Order 1. Rosacbjb. Flowers actinomorphic, perigynous:gynoecium 
apocarpous : ovules 1 or few, anatropous ; seeds without endosperm : 
leaves scattered, stipulate : the odd sepal is posterior. 

Tribe 1. Rosea. Carpels numerous, attached to the base and sides of th6 
hollow receptacle, which is narrow above (Fig. 245 C) ; each contains a single 
suspended ovule, and- when ripe, are achenes enclosed in the fleshy receptacle : 
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the Bepala are freqaentl; peraistent nt tha top of it Shrnla iritb ImpMipiniiftts 
leaves ; the ■tipoleB us adnata to the petiole. 

Man; epedea of Boia, the Boee. are wild, such as B. onatsiM, eanina, and 
Tabiginata, and man; others are caltivated, as it. etnti/olia, dawtatccna, iitiiea, 
Tubifolia, etc. 

Tribe 3. Spiraaeta. Catpeli OBnally 5, each containing two or more >n»- 
pended ovnlos: the; are inserted opon the floor of the flat open receplade; 
the calyx is persistent tiU the fmit is ripe. 

Spirna Ulmaria, Meadow-sweet, Arunetu and Filipendula (Dropwort) ooanr 
in woods and meadows, the [roit is a follicle ; 8p. larlii/olia, media, almifolia, 
and other speciei, Kerria japoniea (with aobenes) and Sbodot]/pm (with dmpes) 
are ornamental shrubs. 

Tribe 3. Jmygdalta. The single carpel, containing two suspended ovnlea, ifl 
inserted on the floor of the receptacle (Figs. 245 A and 216 C) ; the receptacle 
^nd the caljz fall off when the fmit is ripe : etamene nanall; in three whorls ol 
5 or 10 ; fruit a drupe (Fig. 162} ; only one seed is nenall; present. 

The fmit of the genns Amjgdalns has a furrowed coriaceons endocarp: A. 
I, the Almond-tree, and nana, ore trees of SonthonEniope: A.periUa 




i Amygdalea. B Dr^adeM 



Is the Peach. The fnit o( the genus Frunas has a smooth stony endocarp; 
P. armeniaca is the Apricot ; P. domeitica is the Wild Plnm, it has an oroid 
fmit and glabroat shoots ; P. imititia is the Bullace, it has a globoid fmit and 
hirsute shoots ; P. Ceraita, the Wild Cherry, has foliage-leaves at the base o' 
its umbellate inSorescences ; P. Avium, the Sweet Cherry (Gean) , has only scales 
at the base of its inflorescences ; P. Padiu, the Bird-Cherry, has elongated taee- 
mose inflorescences ; P. Mahaleb, the Damson, has fragrant bark ; P- (aurocera- 

If, the Cherr; Laurel, has evergreen leaves which somewhat resemble those of 

ic true Laurel -, P. ipinaia is the Sloe or Blackthorn. 

Tribe 1, SanguUerbea, Flowers often uniseiual : ovaries tew, often bnt one, 
mouomeroQS, enclosed in the cavity of the receptacle which hardens as the seed 

pens : ovules solitary, snspended. 

The genus Alchemilla has tetrameroos flowers destitute of a corolla; the 
itamens (4 or fewer) alternate with the sepals ; an epicalyx is present : A. val- 
garit, the Lady's Mantle, and A. arveniU, are common. The flowers of the 
genua Ssnguisorba, the Great Burnet, have no corolla, the four stamens are 
opposite to the sepals, and they have no epicalyx ; S. ojicinalii is common in 
meivlowB. The flowers of the genns Polerium, the Lesser Burnet, resemble 
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those of the preceding, bnt the stamens are indefinite, and they are polygamous. 
The flower of Agrimonia is pentamerous ; it has a corolla and indefinite stamens ; 
the outer surface of the receptacle is beset with bristles. 

Tribe 5. Dryadea. The ovaries, which are numerous, are inserted upon 
a prolongation of the axis into the cavity of the receptacle (Figs. 245 B and 246 
B) ; each contains a single ovule. The calyx is usually surrounded by an epl- 
calyx formed by the connate stipules 



.rXiliiLt. 




of the sepals. The stamens are usually 
indefinite, each whorl consisting of as 
many or twice as many stamens as 
there are petals. These flowers are 
distinguished from those of the Ba- 
nunculacesB, which they somewhat re- 
semble, by the whorled arrangement 
of the stamens and by the presence of 
the hoUow receptacle; for in Banun- .^o- »«-^ Flower of the Cherry: . pe- 

., . duncle; c corolla; o stamens; g style, pro- 

culaceous flowers the stamens are ar- j^^.^^^ ^ut of the cavity of the receptacle. 

ranged spirally and the sepals are quite B Fruit of the Blackberry, fiubus fruticoaua: 
free. ^ calyx ; / fleshy ovaries. 

Of the genus Fotentilla, which has dry fruits and a dry receptacle, many 
species are common, such as P. anserinat the Silver-weed, reptans, Tormentilla^ 
and others. Fragaria is the Strawberry ; the receptacle becomes succulent as 
the fruit ripens and bears the small achenes on its surface ; F. vesca and 
elatior are found in woods ; F, virginiana and other North American species 
are cultivated. The flowers of the genus Bubus have no epicalyx and the fruits 
are succulent when ripe : Ruh-us Idaus is the Baspberry ; its fruits separate from 
the dry receptacle when they are ripe : in B. fruticosusy the Blackberry, and 

B. casiuSf the Dewberry, the upper part of the receptacle separates together 
with the fruits when ripe. Dry as octopetala is a procumbent alpine shrub with 
an oval, long-tailed fruit (resembling that of Clematis Vitalba). Geum urbanum 
and rivale (Avens) occur in woods and damp fields ; the long style is hooked. 

Tribe 6. Pomece, Ovaries five or fewer, contained in the cavity of the 
receptacle, connate, and adnate to the wall of the receptacle (Fig. 245 D), 
The spurious fruit is surmounted by the calyx. The individual fruits either 
become hard and are like small drupes imbedded in the fleshy receptacle, or 
they have only a thin wall, so that they are more like capsules, and seem to be 
loculi of the whole fruit, as in the apple for instance, where the succulent 
portion is derived from the receptacle, and the core consists of the fruits en- 
closing the seeds, which are basal, generally two in each carpel* Stamens 
indefinite : no epicalyx. Shrubs or trees with deciduous stipules. 

I. With stony fruits. 

In the genus Cotoneaster, the fruits project above the receptacle : in Cratto- 
gus, the Hawthorn, they are completely enclosed ; C. oxyacantha, the May, and 

C. monogyna are common; other species from the East and from North 
America are cultivated; Mespilus, the Medlar, has a large fruit which is 
surmounted by the five large sepals. 

II. With coriaceous fruits. 

Cydonia, the Quince, has numerous ovules on the ventral suture of each 
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carpel ; the onter layers of ceUB of the testa are mncilagmoiis. Pyms lias two 
basal omles : P. eommunU and others are the Pear-trees ; the locoli of the 
spnrioiis frcdt, seen in transverse section, are rounded towards the exterior ; the 
froit is not hollowed at the base : P. Malu$ and others are the Apple-trees ; the 
fmit is hollowed at the base, and the locoli, seen in transverse section, are 
pointed towards the exterior. Sorbns resembles the preceding genns; S. 
Aueuparia is the Mountain Ash or Bowan-tree. Amelanchier, the Service-tree 
of Canada, has only one ovale in each locnlns. 

Order 2. Legumikosjb. Flowers usually medianlj zygomorphie, 
perigynons, pentamerons, with calyx and corolla: stamens ten or 
more : ovary of a single anterior carpel : ovnles borne on the 
ventral sntnre : fruit a legume or a lomentum : flowers always 
lateral : leaves nearly always compound. 

Sub-order 1. Fafilionacejb. Flowers zygomorphie, papilionaceous. The 
five sepals, one being anterior, are usually connate, forming a tube above the 
insertion of the corolla and the androecium : the five lobes are usually unequal 
and sometimes form two lips, the lower of three and the upper of two teeth : 
petals five, alternate with the sepals, imbricate, so that the anterior petals are 
overlapped by those behind them ; the posterior petal is much enlarged, and is 
called the vexillum (Fig. 247 A, fa) ; the two lateral petals, which are much 
smaller, are termed the al€B (Fig. 247 Ayfl); the two anterior petals are connate 
or sometimes simply apposed, and form a hollow boat-shaped body, the keel, 
or carina (Fig. 247 A,8), In a few cases the corolla is entirely or partially 
oppressed ^ thus in Amorpha, only the vexillum is present. The ten stamens 

are either connate,, forming a tube, or the 
posterior stamen may be free, so that the 
tube consists of nine stamens, and is incom- 
plete posteriorly (Fig. 247 A) ; rarely the 
stamens are all free : they mostly curve up- 
wards, and diminish in length from in front 
backwards. The ovary, enclosed by tho 
staminal tube, consists of a solitary anterior 
carpel ; it is often divided into two chambers 
ViQ. 24,7.— Vlovrer of Lotus oomicti- by a spurious longitudinal septum, or by 
Utus (somewhat mag.)- A With one transverse septa into several chambers. The 
ala removed; Ic calyx; fa vexiUnm; ... . „„„„«„ „ io«i,«,« «* « !««,««*„«. /!?;« 
>l ala, « carina. B With the corolla ^'"'* '^ ^^^^^^ * ^^^^^ °^ * lomentum (Fig. 
removed; r tube formed by the eta- ^^^ ^)* rarely one-seeded and indehiscent. 
mens; a, the free stamen; a anther; The flowers are solitary and axillary, or in 
tt stigma. racemes. The leaves are only rarely entire, 

usually palmately or pinnately compound, with often large stipules (Fig. 8 (7). 

Tribe 1. Lotea, Leaves simple or compound: stamens diadelphous or 
monadelphous : legume unilocular, or bilocular in consequence of the formation 
of a spurious longitudinal dissepiment, usually dehiscent, many-seeded : coty> 
ledons leafy, epigaeal. 

In Ulex the Whin, Gorse or Furze, Genista the Green- weed, Cytisus (Saroth- 
amnus) the Broom, Ononis the Best-harrow, and Lupinus, the stamens are 
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monadelphoiis ; in Genista the leaves are simple ; in Sarothamnus and Ononis 
the leaves are tcmate; in Ulez the leaves are temate in seedlings, but in 
mature plants they are scaly or spinous ; in Lupinus the leaves are palmately 
compound. CytUus Laburnum is a well-known flowering tree. 

In Medicago, Melilotus» Trifolium, and Lotus, the stamens are diadelphous 
and the leaves temate. Trifolium is the Clover: the stamens are partially 
adnate to the corolla ; the withered corolla persists and encloses the small 
legume : flowers in capitula ; T, pi-atense, the Red Clover, T. repens^ the White 
Clover, and hyhridum^ which are common in meadows, and T. incarnatumy from 
the East, are cultivated. Lotut comieulatus^ the Bird's-foot Trefoil, with a 
beaked carina, and nearly straight legume, is common in meadows. Medicago 
has usually a spiraUy-wound legume, and a deciduous corolla ; M. falcata and 
lupulina are common; M, sativa, Lucerne, is cultivated. Melilotus has a 
globular legume ; M, alba and officinalU are common on the banks of the 
streams. Trigonella. 

In Anthyllis, the Eidney-Vetch, the stamens are monadelphous, and the leaves 
imparipinnate. Anthyllis Vulneraria, Ladies' Fingers, is common in diy pas- 
tures. 

In the remaining genera the leaves are imparipinnate and the stamens diadel- 
phous. Indigofera tinetoria^ in the East Indies, produces Indigo. Glycyrrhiza 
is the Liquorice. Colutea, the Bladder Senna, has a swollen fruit ; C. arbores- 
cem and various species of Caragana are cultivated as ornamental plants. 
Bobinia Pseudacacia^ the false Acacia, is a native of North America, but it 
has become natnralized. Amorpha fruticosa is a common shrub, from North 
America. Astragalus has a legume with a spurious longitudinal dissepiment : 
very many species of it occur, especially in the East. 

Tribe 2. Hedysarea. Leaves imparipinnate ; stamens diadelphous : fruit a 
lomcntum, with transverse septa, dividing into segments. Cotyledons leafy, 
epigaeal. 

Hippocrepis and Coronilla are common in meadows ; Onobryehis saliva, the 
Sainfoin, is cultivated. Arachis hypogcea, the Earth-Almond or Ground Nut of 
tropical America, ripens its fruits in the earth. 

Tribe 3. Vteiea. Stamens diadelphous: legume nnilocular; cotyledons 
hypogaeal ; leaves paripinnate and usually cirrhose. 

Vieia saliva, the Vetch, and V. Faba, the Bean, are cultivated : other species 
occur wild. Pisum sativum and arvense, the Pea, are cultivated. Ervum lens, 
the Lentil, belongs to Southern Europe. Various species of Lathyrus and 
Orobus occur wild in woods ; L, odoratus and others are cultivated. 

Tribe 4. Phaseolece, Stamens diadelphous : legume unilocular ; cotyledons 
usually epigaeal, but not leafy: leaves usually imparipinnate, frequently ter- 
nate. 

Phaseolus vulgaris, the French Bean, and P. multiflorus, the Scarlet Bunner, 
are cultivated. Wistaria chinentis is an ornamental climber. Physostigma is 
the Calabar Bean. 

Tribe 5. DaWergiece, Stamens mono- or diadelphous : legume indehiscent ; 
cotyledons fleshy. 

Pterocarpus. Dipterix odorata, the Tonka Bean of South America, contains 
coumarin in the seed. 
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Tribs 6. Sophorea. StamenB all free. Sopliora japonua and CladrailU 
Ivtea are omBmentol plants. MjToi;lon. 

Snb-ordei 2. Cxbalfiniex. Floner zjgomotphic, bat not papilionaceoov 
(Fig. 218} : petals imbricate, bo that the posterior petal is overlapped b; tbose 
anterior to it ; stamens ten or Ihhb, free, more raret; eonnate : the legome ia 
Irequentl; divided bj tracaveise septa, and is indebiscent : Sowers in paniotes 
or raoetneB. 

Gleditiehia triacanlhoi and other ^ecies toe eDltivated for omameiit. Cerei* 
liliqamlTum, the Judas-tree, has ronnded leaves. The vrood of Cmalpinia 
braiilUniu ia known as Pemambuco or Srazil wood. 

Sub-order 3. Miuosbx. f toners actinomorphio, with vnlvate Kstivation: 
atamena ten, rarelj fewer, freqaenti; yeiy nomerons, free (Fig. 219), uanallj 





Tib. Its.— Tlown of a Ciuela: 
1; »lyx; e ooroUa; a etamaDBi a* Arscia (mag.): t ealji; 

(be central shorter ones i /ovaiy. eo ~ 

(an) astbeiB ; i 

mtich longer than the perianth : legmne sometimeE divided b; tranaveise septa. 
The floweri nsnally grouped in spikes or capitnla. 

Mitaoia pudica, the Sensitive Plant, has irritable leaves. Species of Acacia 
are nomeroaa in Africa, Asia, and Anstialia. In the Australian species the 
leavee are represented by flattened petioles (pbyllodes) ffhioh am extended in the 
median plane. 

Order 3. CbabsducE:S. Formula En, Oa, Aa[^ + n"}, Gn, where 
n = 3 — 30; flowers perigynons, with two (rarely one) whorls of 
Btamens ; g3fncecinm apocarpons, carpels opposite to the petals, 
with a scale (disc) behind the carpels: ovnles nameroas, mar- 
ginal: fruit a follicle: seed with endosperm : inflorescence usually 
cymose. Planta with entire fleshy leaves, arranged spirally, often 
in rosettes. 

The genns Sedmn has nsually pentomerong flowers ; Sedum acre, the Stone- 
crop, is common on walls and rocks : 5. maxfrnum and others are common. 
The genus Sempervivam haa at least S-meioos flowers ; S. Uctorum, the House* 
leeb, and other species, Echeveria, CraeBuIa, etc., ate &ec[t;ently cultivated. 

Order 4. Saxieragacbs. Flowers usually 4-5-merons, epigyn- 
ouB or porigynous : stamens usually in two whorls : carpels lesa 
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nomerous, usually coonate below and free above : seed containing 
cadoaperm. 

Tribe 1. Saxifragea. Flowers perig^noaB oi epigynoua, nctinomoTphio or 
zygomorphio ; petals with imbricate nBtivatioa ; two irhorls of Btamena, or 
only one (oppoeita to the sepals): carpels usually tvo, diverging above: in- 
floresoence of Taoemose cymes : fruit a capsule : leaves alternate. 

The genus Saiifraga has a bilocoJar ovary, but the flower is otherwise peuta- 
merons ; the teeeptacle inveitB the lower connate portion of the ovary. Many 
species ocoor in moontainons districts, and in several of them there is a deposit 
□f carbonate of lime on the margins of the leaves ; only a few speciea, each as 
S. tridaetyliiet and gratnilata, occur in the plaine ; S. larmentoia is frequently 
cultivated indoors. The genua Bergenia has a free ovary (Fig- 2G0) ; B. bifoiia, 
from Siberia, is an ornamental plant. The genua ChrysoBpleninm haa a tetra- 
merons flower destitute of a corolla ; they are small plants, somewhat le- 
sembUng a Eapborbia, occurring in damp places- 




Tribe 3. Parnaiiiea. Flowers perigynous, actinomorphio ; the Svo stamens 
opposite to the petals are transformed into glandular slaminodea ; petals with 
imbricate nstivatios ; ovary l-locnlai : ovules numerous : fruit a loouUcidal 
capsnle : leaves alternate. 

Pamiutia palattrit has a whorl ol radical leaves, and terminal and lateral 
peduncles, each bearing a single flower and adnate to a bracteole : it is frequently 
found in damp localities. 

Tribe 3. Kydrangea. Flowers epigynons, aetinomorphic, with two whorls of 
Btamena : petals with valvate Esstivation : leaves opposito. 

Hydrangea horUntii is a well-known garden plant. The inflorescence ia an 
umbellate panicle, the marginal flowers of which (in cultivated plants all of 
them) are tetramerous; they have a very much enlarged calyx, and only the 
whorl of stamens opposite to the sepals ; they are sterile. 

Tribe 4. Fhiladeifhea. Flowera epigynons, actinomorphio, 4-S-merous: 
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atamena in two wborls, or indefinite : petals with Taiiona Mtivfttion : lekve* 
oppoiite ; fmil a capBule. 

Philadelphui eoranariui (called S;Tinga or Hook Onn^) hu sweetlj-aoenteil 
flmrera. Deutiia icabra, crtnata, and othera are onltivated. 

Tribe S. Ribiiiacitx. Flowers eplgjnoag, aotinomoiiQile, pentunerona: 
itamenB opposite to the sepsU: carpels two; fniit a berr;: laaTM Mattered: 
palmate : infioreaoence racemose. Bhrafaa, 

Several apeoiee of Bibea. tlie Cnrrant, Me 

cnltivated ; R. ru&nm is the Bed Cnrrant, R, 

^3t nigrum the Blaek Cnrraiit, B. OromOaTia the 

Gooseberry : the spines of the last apeoiei are 

' developed from the polvinus. 

~k Orders. DROSERiCEX. Floral formtda 

KS, C5, J5, (3ffl or E: flowera actano- 
morphic, perigymms or hypt^ynonB: 
ovary Tmilocnlar, ovnlea borne generally 
" on parietal placentee, bnt they are Bome- 
coroUa; it itameas; b diBo; g tiraes basal. Herbs: leaves exetipalate, 
''^'"' with glandular, hair-like appendage 

which serve to capture insecte (see Fig. 72). 

Droaera hag a scorpioid infloregcenca borne on a soape without braeteolea ; 
the leaves are radical and are frinsed with glandular appendaeea, each of wbi(^h 
is traversed by a fibro-vascnlar bundle. D. TottmdifoUa and intermedia, the 
Son-dews, are tonnd on wet heaths. Aldrovanda vtiictdoia is a floating water- 
plant ol Sonthem Enrope ; ita whorled leavea fold np when stimnlated ; flowera 
aolitary, aiitlar;. Dionaa muicipvla, Venna' Fly-trap, ocenra in North America; 
it has leaves which hkewiae fold together when tonobed ; fiowers with 10-30 
atamena and basal ovules. 

Order 6. Hihauelidex. Flowers fi-equently diclinous and 

apetalons, perigynona or nearly epigynons ; ovary nsaally bilocnlar : 
leaves stipulate. 

Hamamelii virrjiniea, tbe Witcb-Hazel, ia an ornamental sbmb from North 
America, the leaves of whiob somewhat resemble those of the Hazel. 

Order 7. Bjiloiugidex. Flower perigynons or epigynons, nsnally 
tetramerouB thronghont ; stamens in two whorU : sometimea tho 
corolla or the whorl of stamens opposite to the petals is wanting : 
seed containing endosperm. 

Trapa natant, tbe Water-Chestnut, a not very oommon water-plant of oential 
Enrope, has a stem bearing a rosette of leaves which float on the aurface of the 
water ; in the axils of these leaves the flowers are borne singly : their tormnla 
ia Ki, a, Ai, a (1), and tbey are perigynons : the fmit ia indebiatent, and the 
■epals remain adherent to it in the form of four boma. 
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MgriopJtyllum v^ticillattan and iplealtim, the Wftter-MUoils, are aqnatio 
plantB vith flnelj divided leaveB and Email flowers iMme above tlie water iu 
(enninal Epiket. 

Order 8. HiPPUEiDEa. Flowers somotimeB nnisexTial, bomo 
singly in the axils of the wliorlcd leavea : the calyx is indicated by 
a projecting rim on tlie ovary, and it investti also a single anterior 
stamen : petals ; stamen 1, epi- 
gynons : the monomerons ovary 
contains a single suspended ana- 
tropooB ovule. 

EipparU vulgarii, the Maro'e tdt, 
grows in water and in damp plaeea : 
tha Ktem projeete oat ot the water- 
Order 9. ClLLITBICHINEX. 

Aquatic plants, with decnsBate, 
linear or ovate leaves, in the aiila 
of which stand the solitary diclin- 
ous flowers which are destitute of ^ .„„_.„. ^ . 
Fio. 1(3.— Part of a flowenrg atom oi 
a perianth; the male flowers con- HippuTUmgnrii. ThBiiBYoiareoatsws)-. 
^t of a single stamen, the female '*-''^ Baou^) 

of a bilocnlar, spnrionsly qnadrilocnlar, ovary, with fonr suspended 
ornles the micropyles of which are directed outwards. 

e either aubmerged ox the; creep on mndd; 



BEBtBS n. PISCIFLOB^. 

Sepals free or coherent; petals in a single whorl : stamens asnally 
definite, and hypogynous : a disc is nsnally present : gynoecinm 
Bjnoarpous or apocarpous. 

Cohort 1. Sapindales. Flowers often unisexual: the insertion 
of the stamens is various : gyncecium usually syncarpous. Usually 

Order 1. Sapinhacej:- Flowers usually obliquely zygomorphic, 
in that the two petals of one side are laiger and of somewhat 
difEerent form to the three others ; ot these, one, which lies in the 
plane of symmetry, is BOmetimes wanting : three stamens arc 
usually suppressed, so that the number is reduced to seven ; they 
are inserted within the disc : the ovary is trilocular ; ovules two in 
each loculns : seeds without endosperm. 
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XMalna hu opposito, palnuitely oanpoond, eutipnlate Isftves; tbe flowBn 
are in tenninol scorpioid Tiic«tDe« : tbe frait bos a loculiddal dehiBcenae ; ^. 
. Hippocattanum is the Horee-CbeBtant, deiiTed from Aaa. M. eamea, ^. 
Pavia, and other speeiea are Ireqnently coltivated. A gie&t amnber of genera 
&nd Bpecies grow m warn cllmsteE ; the; hsTe generall; scattered pimiate leaiTss. 
The flesh; fmit at Sapindiu Saponaria jaakea a lalber with mter like soap. 




Order 2. Agebdiex. Flowers nBiially actiaomorphic : etamens 
eight, in conseqneace of the Buppreesion of the two median ones, 
Tarionalj' inserted : ovary bilocnlar ; otuIbs two in eaxsh locnlns ; 
■when ripe the frait splits into two one-seeded winged merioarps 
(samaras) (Fig. 255) ; leaves opposite, palmately lobed, eistipnlate : 
flowers in terminal racemes, sometimes ia corymbs, with an apical 
flower : seeds withont endosperm. 

The principal speoieB ol Acer, the Maple, are A. ptiudoplatamu, the Sjoamcire, 
having leaves with oienate moigins, flowem in elongated pendolone raoemeE, 
bloomiDg after the onfoldiDg ot the leaves, and parallel-winged fruits ; A. 
platanoidet, having leaves with serrate margins, flowers in short ereot racemes 
blooming before the aufolding of the leaves, and frnits with widelj diverging 
wings (even more than in Fig. 2S6) ; A. eamptttrt, the common Maple, which 
is sometimcB sbrabb;, with a trilobate leaf, short erect racemes of flowers which 
bloom after the unfolding ot the leaves, and fruits with wings which are dia- 
metrioally opposite. Some North American species are often ooltivatod, each aa 
^. rubrum. with five stamens oppoute to the sepals i A. daiycarpum, with the 
same number and position of the stamens, without an; corolla, and having 
dicetionB flowers ; A. Hegundo, with pinnate leaves, and dicecions flowers like 
thoie of tbe preceding species. Sugar is prepared from the sap of A. nigrum 
and datycarpatn espedall;. 

Order 3. Terebinthacex (AniCABDUCEx). Flowers nsnallj 
actinomorphic, uid often diclioons: stamens usually inserted on 
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tJie disc, bat dieo aometimes absent : gyncecinm of but few carpelB ; 
sometimes one only is developed, the others being represented by 
two or more stigmas : reain-ducta present : seeds without endosperm, 

Vuiona speoies of Bhaa are cultivated as ornamental plaatB ; in Shvi cotinu* 
many of tha flowers ore abortive, and the hairy pednnolea beoome mneh 
elongated ; B. coriaria (Sonthem Europe) is used in 
tanning. Piitaeia vera, in Sonthem Enrope, bears 
edible fiaits ; in its flower the petals and the etameoe 
which are opposite to them are sappreeeed. 

Order 4. Stafhtleaces. Flowers actino- 
morphic, pentamerons : stamens external 
disc: ovnles numerous: leaves decussate, pin- 
nate, stipulate : seeds with small endosperm. 

ma. zea.— Flonl dla- 
Sta^hylea pimiata is grown in gardens. gnai of Ebiu. 

Cohort 2. Celastrales. Flowers actinomorphic, 4-5-merous; 
one whorl only of stamens, which either alternates with or is 
opposite to the petals, is usually pi-esent: disc usually within, 
aometimes external to, the androecinm: ovules usually erect: the 
seed nearly always containH endosperm. Trees or shmbs. 

Order 1. CELiSTRDiE«, Tormnla, Ku, Co, Jn + 0, Q (n) or less, 
n — 1 or 5 : sepals imbricate ; stamens and carpels inserted on a 
flattened disc; stamens alternate with the petals: usually two ovnles 
in each locnlns of the ovary: leaves scattered, entire, stipnlate. 

In the genus Enonjmna, the Spindle-tree, the looulioidal oapsnle is invested 
by an orange-colotired Brillns ; E. tuto^ma* occurs both cuItiTated and wild. 

Order 2. Bhaunes. Formula Kn, On, 

I ^0 + n, C^ ; n » 4 or 5 : calyi usually 
gamosepalons, valvate ; petals usually 
small and often hood-shaped (Fig. 257 c), 
enclosing the stamens which are opposite 
to them ; flowers sometimes diclinous ; 
usually a sing-le ovule in each loculus of 
the ovary, which is invested by a disc ; 
leaves usually scattered, entire, stipnlate : i 
fruit a drupe or a capsule. ] hood.«i,«p«i pa«i. enoiosing 

■HftamniM eatkarticit, the Bnokthom, has op- ' ""*'"'■ 
po^te leaves and thomj' twigs: the berries of R. infcctoriui, in Soutben 
Enrope, yield a green or yellow dye : if, Fraiigula has scattered leaves; it* 
wood produces a particularly light chatookl. 
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Order 3. AMPELiDEiE. Formtila same as in Bhamneod : sepals 
BBiall; the corolla is often thrown ofE before it opens (Fig. 258 -4, c): 
a glandular disc between the androeoinm and the gynoDcinm : ovules 
one or two in eau^ locnlus : fmit baccate. Climbing plants, with 
palmate exstipnlate or st^piolate leaves. 

VitU vinifera, the Grape- Vine, probali^y derived from the East, is cnltivated 
m endless varieties ; other species, suoh as F. mUpina and Labrusea, as also 
Ampelopais hederacea, the Virginia Creeper, are also ftw^uently cultivated. The 
tendrils of the Vine (Fig. 15 ^1) are branches bearing soft^ leaves in the axils 

of which oUier branches 
* arise : their peoaliar posi- 

tion opposite to thelblii^e- 
leams may be explained 
as follows: the ordinary 
shoots are sympo&ia, and 
each tendril is the ter- 
minal segment of a mem- 
ber of the sympodiom; 
Fig. 258.— Flower of Vili$ vinifera, and diagram. A At the following m^nber is a 
the momeat of opening. B Open; lb calyx; c corolla; d ghoot springing from the 
glands ; s stamens ; / ovary ; n sUgma (slightly mag.). ^^ ^j ^^ f oliage-leaf 

which is opposite to the tendril. Every third leaf has no tendril opposite to it, 
that is to say, the members of the sympodimn bear alternately one or two 
leaves. The inflorescences oocnpy the same positions as the tendrils. Each 
leaf has also a bud in its axil, which either remains mideveloped or gives rise 
to a dwarf-shoot : from the axil of its cataphyllary leaf an ordinary shoot is 
developed. 

Cohort 3. Olacales. Flovrers sometimes nnisexnal, 4-5- (rarely 
6-) merons, formnla same as Celastrineae : disc varions or wanting. 

Order 1. iLiciNEiE (Aquifolucej;). Disc wanting: one or two 
suspended ovnles in each locnlus of the ovary: stamens free, or 
adnate to the petals: petals often connate at the base: leaves 
scattered, exstipnlate. 

Ilex aquifolium, the Holly, with its coriaceous, spinous, evergreen leaves, is 
common in plantations and woods : fruit a berry. The leaves known in com- 
merce as Paraguay tea are derived from I. ParaguayefuU in South America. 

Order 2. Empetee^. Disc wanting : ovnles solitary, ascending : 
flowers dioecious, vrith three sepals, tEree petals, three stamens, 
and a 6-9-locular ovary: fruit of 6-9 drupes. They are shrubs 
resembling Heaths in appearance. 

Empetrum nigrum is a smaU shmb occurring in the north of Europe and in 
the Alps. 
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Cohort 4. Geraniales. Flowers nsnally pentamerons througli- 
ont ; the carpels are opposite to the petals : ovary usually 6-locular, 
with 1 or 2 suspended ovules ; the micropyle is directed inwards : 
disc various or wanting : formula ^5, 05, ^5 + 5 | G®. 

Order 1. Gebaniac££. Disc glandular: flowers usually actino- 
morphic : two ovules in each loculus ; the ovary is prolonged into 
a beak (carpophore) (Fig. 259 -4, a) ; 
the fruit is septicidal from below up- 
wards, the separate carpels (cocci) 
rolling up (Fig. 259 B). Seed devoid 
of endosperm. Herbs; leaves simple, 
stipulate. 

Geranium pratetue, iylvaticvm, ianguineum, 
and columbinum, the Crane's-bills, are wild in 
England; G. Robertianunif Herb-Bobert, is 
nniyersally distributed. Erodinm, the Stork's- 
bill, has the 6 stamens which are opposite to 
the petals transformed into, staminodes ; E, 
cieutarium is common in waste places. Pelar- 
gonium, in many varieties, is a well-known 
garden plant: the flowers are zygomorphic, 
5uid the posterior sepal is provided with a spur 
which adheres to the pedicel. 

Order 2. Linbjb. Disc : formula ^^®- 269.-Fniit of Geranium, a 

■crtf nt' AH J. tf I //^m\ n Before, B after dehiBcence; s pe- 

A6, C5, Ab'\r t 5, I («L'): flowers ac- dicel; /locuU of the ovary; a the 

tinomorphic, rarely all the whorls are beiik} n stigma; b column of the 
tetramerous : the whorl of stamens op- *®^** tmag)- 
posite to the petals is replaced by staminodia : each loculus of the 
ovary contains two ovules, and is often divided into two by a more 
or less complete false dissepiment : seeds usually contain endosperm : 
capsule septicidal. Herbs or shrubs ; leaves simple, entire, with or 
without stipules. 

Linum vMitatmimum is the Flax: the strong bast-fibres are used in weaving 
linen ; the seeds contain oil ; the walls of the outer cells of the testa are muci- 
la|dnous. 

Order 3. ERTXHBOXYLEiB. Flowers actinomorphic : petals five, 
with a ligular appendage : stamens ten, connate at the base by 
means of a disc and forming a tube : ovary 2-3-locular, with one 
suspended anatropous ovule in each loculus : seed with endosperm. 

The wood of most of the species contains a red dye. The leaves of Erythroxy^ 
Ion Coca is chewed by the Peruvians as a stimulant. 
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Order i. OiiuvEM. Disc 0; flowers actinomorphic ; formnla 
K$, (75, j15 + 5, I G^i stamens ten, connate at the base; those 
whicli are opposite to the sepals are the longest : ovnlea Dnmerous ; 
fruit a capsale or more rarely a berry : seed containing endoBperm. 
Herbs, with componnd, generally eistipnlate leaves (F^. 71). 

OtalU Acetoselta, the Wood-sorrel, is frequent in -wooIb ; it oontaina mach 
potassium oxalate. The tuberous roots or undergronnd stems of some Ameiicsn 
species ss 0. aeuUnla, erenata, and Deppei contain mnoh mncilage and aie used 

Order 5. Balsauinex. Disc ; flo'Wers zygomorphic ; formnla 
Kb, 05, A5 + j Q^-. the posterior sepal is spurred, and the two 
anterior are small or absent: the anterior petal is large; ovary 
6-locnlar; ovnles nnmerons; the fruit is loculicldal, the valves 
separate elaatically and roll upwards, so that the Bseds are pro- 
jected to some distance. Herbs, with simple ezstipulate leaves : 
seeds without e 



Impaliem Noli-mt-tangeTt, the yellow Wild Balsam, occturs in damp and 
shady spots; the ripe fiuit flies open nith violence at a touch. Impatient 
baUamina, an Indian species, is cultivated. 

Order 6. Teopsoles. Disc : flowers zygomorphic ; formula 
K5, 05, A4 + 4, Gl^ : the posterior sepal is prolonged into a spur ; 
the throe inferior petals are clawed and ciliate: the two median 
stamens, one belonging to each whorl, are suppressed; one ovule in 
each of the three loculi of the ovary : seeds without endosperm. 
Herbs, leaves esstipulate. 
TropaoluTa majui and mimu, known as Nosturtiam, are uuversally cultivated. 
Order V. ZyaoPHYLLES. Disc fleshy: flowers actinomorphic, 5 or 
^merous. Herbs or shmbs with decussate, generally imparipin* 
nate, stipulate leaves : seeds with endosperm. 
LigauTa Vtltc is the wood of Ouiacum officinaU (West Indies). 

« Order 8. Rctacbs. Disc usually annular: 

flowers usually actinomorphio : gyncecium some- 
times paitially apocarpous, but the styles are 
usually connate: seeds with or without endo- 
sperm. There are numerous oil-glands on the 
leaves and stems. 

Bub'Order 1. Butex. The placentffi project into the 
Fis. a«o.— DiagTttm ol locnli of the ovaiy j each bearB 3 or more ovoles : fruit a 
theaoweroIDiatamniu. locnlicidal capsule: seed with endoaperm. Itutagravto- 
leru, the Bue, has pentamerous terminal flowere, and tetrameions lateral 
flovers. Dictatanut FraxiTieUa has a zygomorphic flower. 
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Sab-order 3. Diobhes. Ovnlea 2 in eaoh loeoliia : leaTSa Bimple : seeds 

Kithont eudospenn. 

Barosma, Agathoima, EmplenTDm. 

Bub-order 3. Xwtboxtias. Flowers nsnally dkedous and polfgomanB : 
eiidoBpenu luaally present. 

JCanihoxj/luia /raxiacum, bom North Ameiica, is aBhrabwhich ia sometimes 
cnltivBted. 

Sub-order i. Toddaubm. GjncBcinm ajncarpoDB: Irnit indehiBoent, winged, 
di; or succulent : seeds with endosperm. 

Ptelea tri/oliala is a North American shrub with white flowerB. 

Sub-order B. A.nKAHtiBS. Ojuceeium sjnoaipoua: catjx gamosepalous: 
seeds without endosperm. 

The genus Citrus has an indefinite number of bundles of connate stamens 
(polyadelphous) {Fig. 261 A), piodnced by the branching of the fire Btamens 
vhich are opposite to the sepals : the carpels Bra nanally more nnmerous than 
the petals, and during ripening the; become filled with a succulent tissne derived 




form thsir walls ; the various parts ot the flower and the fruit contain much 
ethereal oil ; the leaves, which arc typlcall; pionate, are reduced to their terminal 
leaflet, which is articulated to the winged petiole (Fig. 11 G). 

Cilnu mediea, koA Ljmonun. are Lemons: Cilms vwlgarU or AuTanliunt is 
the Orange, derived originally from tropical Asia. 

Order 9. Meluce j. Disc varioaa : stamens monadelpbooB ; iho 
filameute have stipulate appendages ; no oil-gliuids. 

Mahogany is the wood of Steittenia Mahagoni (America). The wood ol spedea 
ot Cedrela is often erroneously termed " cedar-wood." 

Order 10. Siuabdbdx. Disc conspicuoiis: flowers actinomorphic, 
eometimes dicliaons : stamens often more muneroua than the petals : 
gynceciam sometimes apocarpons: ovale asnally solitary in each 
locnlus : thero are no oil-glands in the leaves, htit the cortex and 
wood contain a bitter snbstance. 

Silanthui glmduloia, from China, is a tree with multijngate pinnate leaves 
and a wingsd Indebiscent trnit ; it is often onlttTsted. 
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Order 11. BnnsEBACEa. Disc nsually annular: flowers aotino- 
morphic : gynceciam Byncarpons ; ovary with two ovules in each 
locnlos : there are resiu-passagea in the bast. 

BotiBellia ttrrata (Eaat iirioa) yidda Olibanom, a gmn-reaiii ; Baluawdendroa 
liyrrlM yields the gnm-resu Myrth (Arabia). 

SERIES m. THALAUIFLORS. 
Sepals nsoally free : petals olten iadefinito : stamens hypogynon% 
often indefinite : gynoecinm apocarpous or s^ncarpona. 

Cohort 1. Malvales. Flowers cyclic, generally pentamerona, 
actinomorphic : calyx often gamosepalona, with valvate Eestiration, 
corolla with nmudly contorted 
[estivation ; stamens originally in 
two whorls, generally branched 
and often connate: carpels five, 
often forming a mnltiloonlar 

Order 1. TiLUCEX. Sepals 
nsnally free. 'In the ind^enons 
species the staminal whorl oppo- 
site to the sepals is sappreased; 
etamens branched, the separate 
branches of the filament free or 
"connate only at the base, opposite 
to the petals: anthers 2-lociilar, 
opening by pores or valves : ovary 
5-Iocnlar, each locnlos containing 
two ovnlcB ; but the fruit is 
generally only one-seeded. Mosfly 
trees or shrubs : leaves alternate, 
stipulate. 

The only indigenouB ganns is TiUa, 
the Lime-tree. It haa oblique leaves 
vith deciduous stipnlea; the annual 
ehootB have not a tenninal bod. Iha 
inflorescence is cymose, tev-floweied; 
«br«ncl.ifcpBtiolTand"i!idliai^ tlje pedonole is adnate to the le^ 
bad. AbUched to the peauncie li the bisct biaol ; this ia brought about in the fol- 
(fi): JicBlji; ccoroUai iBiiunoiifl; /ovaryj lowing manner : in the axil of the leave* 
bi flower-bnd ;nat. glee). there 18 usaally a b«d, together with.aa 

inflorescence (Fig. 2fl2) ; the bract (Fig. 263 k) aod the bnd-so^e which is 
opposite to it are the first two'Iekvea of the aiiUary ahoat which is terminated 
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b; the infloKBcenee, the pednoale of \ihieh ia aduate to the bnct for some 
distODOe : the bad is & tvintei-bad developed in the aiil of the above-mentioned 
bud-soale. The infloreBceoce itself terminateE in a flower; other SoverB ara 
boraa in the aiila of ita two bracteoleB, and other flow^ again may be developed 
in the axils ol their bacteoles, and bo on. T. gTandifolia, the Lai^-leaved 
. Lime, ha« a tew-flowered infloreaoenee, and leavea which are htigbt green and 
downy on the under anifaee : 7. parvi/otia haa an iufloreacenoe vhioh oonsista of 
a large number of flowers, and haa ieavea which are blnish-green and pubescent 
nith red haiis on the nuder aurface. T, intermedia is the oommon Lima. In 
the American apedea the internal braaehea of the stamens are staminodia. 
Uorchoms, in the East Indies, yields Jnle, which consiata of the bast-fibres. 

Order 2. Sterctiliacej:. Calyx gamosepalooB : the Btamens whicli 
are opposite to ihe petals are usually doubled or branched ; thoge 
which are opposite to the eepala are Btaminodes or they are snp- 
pressed: anthers 2-loctilar: the corolla ia sometimes waating. 

Theobromo Cacao is ft tree of tropical America, the seeds of which contain a 
nitiogenooB snbstance, Thtobramiat, and a hied oil; from tbem Chocolate h 
prepared.. 




Via. KS,—A Wlaver of iSalta Alaa (BtL tite): k enljici o corolla i i cDuoato itomeii^ 
with the anthun <«}; n Blignua. B FralC of AUIiaa ruu indoMd la ii) the oal;i: all 
epical;!. C The eeme aftat (ba removal o[ lbs calji. S A, siogla losnlni of the aamo Id 
loDgUndinal eacUon 1 •■asd; oiadicls! i( cotjIodOD of the embrf a (mag.). 

Order 3. Malvaces. Calyx asually gamosepalons, frequently iu- 
Tost^d by an epicalyx ; the corolla is aduate at the base to the 
audrcocium : the andrcecium is a long tube (Fig. 263 A i) consisting 
of firo branched Btamens which are opposite to the sepals ; each 
filament bears only half an anther, which is r^arded as a unilocular 
anther (Fig. 263 A a) : ovary multilocular, splitting into cocci (!"!((■ 
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263 Of), with usually one ovule in each coccna (Fig. 263 D s) 

Under-shrubs or herbs : leaves stipulate and generally palmately 
veined. 

Molva, tbe Mallow, has an epicalji of three bracteoles, HibiscaB has one of 
maay biaoteotes, and Altbiea. the MarBb-maUoir, baa one of 6-9 braoteoIeB; 
Althaa Tocta b the Hollybock ; Bereral speciea of IfalvafHre Indigeooiu, U. 
$yIveilTit, Totandifolia, and moicbata. Ouuypiani htrbaeemn in Egypt. O. 
arboreum and reUgioium in the East Indies, and O. ptruvianam and hiniitiim 
in America jif Id Cotton, which consists of the long haiiB on the testa. 

Cohort 2. Gutiiferales. Flowers cyclic, aotiuomorphic, sod 
genei-ally pentameroos : sepals nsnally free, with imbricate esti- 
vation: Btamene usually indefinite in conseqaeQCe of braacIuDg: 
gyncecium eyncarpona, ovary nni- or multilocnlar. 

Order!. Htpeeicojej:. I'ormnla, £5, 05, j10 + 5'=<=, flia or J0 + 
3^, G*^. Sepals sometimes united at the base : ' stamens five, 
branched, and therefore polyadelphons, superposed on the petals ia 
consequence of the suppression of an outer whorl of stamens which 
is indicated by staniinodes in some foreign 
genera ; ovary nni- or mnltilocular or many- 
chambered ; capsnie septicidal ; ovules nu- 
merous, anatropoQs; placenta parietal or 
axile : seed devoid of endosperm. Herbs or 
nnder-shrnbs with decnssate entire leaves, 
which are dotted over with translncent oil- 
lEtipulate. 

a WorU) occur 

Order 2, EiATiKEX. Water-plants with entire leaves, opposite op 
in whorls : flowers actinomorphic, 4-6-meronB ; formula £11, On, An 
+ n, Q'^, solitary, without bracteoles, borne in the axils of the 
foliage-leaves. 

E. htteandra and Hydropiptr (Waterworta) occnr, but not commonly. In 
England. 

Order 3. TEKNSTBdtfuCEj;. Perianth spiral; the calyx is not 
clearly distinguishable from the numerous bracts; stamens in- 
definite: ovary multilocnlar. Trees or shrabs with scattered, 
generally coriaceous, entire leaves, without stipules. 

Camellia japoniea is a favourite ornamental shnib : Thca eMntiuii, of wbioh 
the dried leaves are tea ; Uaok and green lea are varieties leaulting only Irom 
the mode of drying tbe Ua(. 
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Order 4. Closuce j (Outtifees) Trees or Bhmbs with didinoiis 
flowers. 

Order 5. DiPTEEOCAHPEa. TreM ; leaves usually stipulate ; the 
gamosepalons caljz enlarges very mncli daring the ripening of the 

DTTioba!anopi Camphora, & native ol StunatTA, fields the Baneo Camphor. 

Cohorts. CaryophyllinSQ. Flowers cyclic, actihomorphic, and 
generally petamerons ; calyx often gamosepalone ; stamens usually 
definite : ovary nnilocnlar, with basal pla«entie. 

Order 1. Cabtopqtllacez. Flowers genei-ally petamerons, with 
calyx and corolla, thongh the latter is suppressed in some cases; 
sepals distinct or coherent: stamens in two whorls, of which the 
inner is often wanting; ovary 2, 3, or 5-meroaa^ nnilocnlar, or 
mnltilocnlar at the base, with a central placenta- or with a single 
basal ovnie: fmit usnally a capsnie: leaves opposite^ decosaate: 
stems nsnally tamid at the nodes. 

Tribe 1. AUinta. The corolla 
and the innei nhorl of Btomen* 
are QBoallj preeent ; the cnljz is 
eteutheroBap&loDB ; Imit a eap- 
mle; mnaUy no sKpnles. 

Sagina, Arenuia, Alune, Cer- 
astjmn, Stellaria, Speigala, Hal»- - 
Bteom, and othan, are amall het- 
baceona planta with white petals, 
occnrtiiig in meadowa, on road, 
ridea, etc ; they ars diatmgnished 
from each other principally by 
the Qnmber of eatpela preaeot 
and by the mode at dehiacence o/ 
the tmiL 

Tribes. SileneiB. The corolla 
and the inner whorl of stameni 
are always present: the ealyi ia ^S"*"^ "" ^"^ 
, , ' ,„ c, enlja Mm the to! 

gamoaepaloTia ; atamena 10. fila- ^^oa. (After autbu.) 
menta connate at base: the fmit 

ie a capsole (in Cncnbalna a berrj) : ths. leaves have no stipulei ; the floral axis 
IB often elongated between the calyx and th? corolla (Fig. 266 y) : the petala (m 
in Lychnis and Sapontria) often have lignlar appendages (Fig. 36S x]. 

The speciea of Dianthna, the Pink, which commoiily oecnr wild are D. dtltoida 
and ATmeria; D. Can/ophylliu, the Carnation, and D. thinemii are well-known 
garden flowers: there are two atylet and the calyx ia aarrooDded at its base by 
b.-acteolefl. The genna Saponaria hu two atylea bnt no braeteolei ; S. nfficlnalii, 
the Soap-wort, occnra on the banka of rivera. The geoaa Silene (CatchQy) haa 
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three styles; S. inflata, nutans ^ and others, are common in meadows. Tha 
genus Lychnis (Campion) has five styles ; the species vespertina and diurna are 
dioecious. Agrostemma Qithago, the Corn-cockle, is common in fields. 

Tribe 3, Polyearpea. Leaves with scarious stipules: calyx eleuthero- 
sepalous ; the corolla is present, but the inner whorl of stamens is wanting : 
style 3-fid. This group includes the genus Polycarpon and others. 

Tribe 4. Paronychiea, Leaves with scarious stipules: sepals distinct or 
coherent : the coroUa and the inner whorl of stamens are usually wanting : style 
usually bifid : ovary unilocular, with a single ovule. 

Scleranthus annuus and perennis (Enawel), Hemiaria, Corrigiola, and niece- 
brum are small inconspicuous herbs. 

Order 2. PoRTULACACEiE. Calyx usnally of 2 sepals and corolla of 
5 petals ; stamens nsnally 5, epipetalons ; ovary usnally trimerons 
and nnilocnlar ; fmit a capsnle. They are herbs with alternate or 
opposite leaves ; the corolla is fngacions. 

Portulaea oleracea^ the Purslane, from Southern -Europe, and other species 
are cultivated as vegetables and as ornamental plants. Moutia (Blinks) has a 
gamopetalous corolla^ slit up one side ; it grows in ditches or in damp places. 

Order 3. Tamariscineje. Flowers actinomorphic, 4- or 6-merons, 
with one or two whorls of stamens: calyx gamosepalons : ovary 
nsnally trimerons, nnilocnlar, with basal or parietal ovnles : capsnle 
locnlicidal: seed withont endosperm, having a crown of hairs: 
flowers in racemes or spikes. 

The genus Tamariz is indigenous in Southern Europe ; T. gaVica has become 
naturalized in England. 

Cohort 4. Polygalinaa. Flowers actinomorphic or zygo- 
morphic, nsnally pentamerons: sepals nsnally distinct: stamens 
ff r^ ^/ . definite: gynoDcinm 

nsnally of two car- 
pels ; ovary nsnally 
bilocnlar. 

Order 1. Polt- 
GALACEJJ. Flowers 
zygomorphic ; the 
two lateral sepals 
conspicnonsly large 
and known as 
" wings " (Fig. 266 
V) ; petals three, 
the two lateral being absent ; the anterior petal is very large and 
carinate : stamens nsnally eight, forming a tnbe open posteriorly. 




r>.*' 




Fio. 266.— Flower of PoIygaZo gvaniijlora. A Seen from ont- 
eide after the removal of the wing-sepal. B Longitadinal 
eection : He calyx ; V wing ; c corolla j s tube of stamens. (After 
Sachs.) 
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to which tie corolla, or at least the anterior petal, is adnate (Fig. 

266) : carpels two, median, jonuing a biloonlar ovarj, each loonlns 

coataimng a single snspended ovule : frait nanallj a capsole. The 

flower somewhat resembles that of the Papilionaceee, bat it miiet 

be borne ia mind that here the two " alfs " or wiags beloDg to the 

calyx. 
Poll/gala vtitgarit, amani, and others, ate herbs, woody at the baee, ooatUTing 

ia woods and meadows- 
Order 2. PiTTOaPORS*. Flowers actinomorphic : Stamens five: 

oToleB nnmerons, attached to the nsnall^ anconnected septa : leaves 

simple, exstipnlate. 
Pittoiponm Tobira, uitilulaluni, eratnfolium, are ornamental plants from 

Aastialia. 

Cohort 5, Parietales, Flowers cyclic, with calyx and corolla: 
sepals free: stamens definite or indefinite: gynceciom of two or 
more carpels ; ovary nailocnlar or many-chambered : parietal 
placantation : seed with or withont endosperm. 

Order 1. Papater- jf ■ 

ACEjE. Flowers actino- 
morphic, K2, (72 + 2, 
A<X (?ffl or (cc), or 
rarely with trimerons 
whorls : calyx aepa- 
loid, corolla petaloid: 
the nnmeroos whorls 
of stamens alternate: 
ovary of two lateral 
carpels (in Fig. 267 A 
they have been 
wrongly represented o( the flower or 
as being median) or •«r™'^"»»"'" 
of more (Fig. 26? a), two- or more- chambered ; oinlea nnmerons, 
attached to the slightly infolded edges of the carpels: endosperm 
abundant, embryo small. The sepals commonly fall oS before the 
flower expands (Fig. 267K^. Plajits with abnndant milky juice. 

Fapaver, the Foppj, has a many.chambered ovary ; the fruit ia a poroua 
eapeole (Fig. 160 D). P. tommferum is cultivated lor the sake ol the oil 
•ontuned in the Beeds, and m a meliciuitl plant: P. Biutat ia common in 
eomftelda. Chtlidonium najiu, the Celandine, has two carpels, a aillquose fruit 
and orange -colaared milky juice. Eiclitcholizia califarniea ia a cultivated 
plant ; it luw a boltow receptacle, lo that its flowers ate almoat perigjnoua. 




Fia. 1(17.— Flower ot ChiliJoiUum majut (nat. >iie)i t calTig 
iI«;eilnDeipelalB; aslameiu; nsUgma. A Dlagmn 
inn (tbe carpal! oaghc to be lauraljr 
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Order 2. FnuAEUCEX. Flowers usuElIy zygomorphic iritli 
lateral symmetry : floral formnla -^ K2, C2 + 2, ji2 + 2, G^. 
THe three whorls of the perianth alternate ; one of the outer petals 
(rarely both) is furnished with a spur: the two inner stamens are 
not in their normal position ; each of ttem is dirided and tha two 
halves are displa^ied towards the ont«r stamens ; hence there ap* 
pear to be three stamens on each side, a central one, with a perfect 
anther (the stamen of the onter whorl, Fig. 268 B a), and two 
lateral stamens, each with only half an anther (the halves of the 
stamensof the inner whorl; Fig. 268 Ba,a,). The fruit is siliquoso 
a:id many-seeded, or one-seeded and indehiscent. Plants without 
mUky jnice. Seeds containing endosperm. 




Plo, MJ- 


l FloH-ororDalyJraiijKclofiai.; ona of IbB oQlo^ petals Is remcKnid i • peflicelt 


itbe outer, 




■Lbhin,/fl!a, 


ments , a the middle completa ontbor ; a, a, the UtenLl half anUien. C Floirer. 


ad, with th« 





DUlytra (Dicentrf) ipeclaliUi is a favourite ornamental plant; both the 
oater petals are Bptured, tbe two innei petals are hollowed at their apices, so 
that the? completel; close the anthers. In Corydalii cava and lolida only one 
of the onter petals is spurred, the fruit is a two-valTed cajisnie mth nnineroaB 
parietal seeds; these speaies have a tuberons rootstock; others, as C. lalta 
and aarea, have rhizomes. Famaria officinalU and others (Fnmitories) are 
^ common in fields ; the ovaries contain but few ovules, 

and of these onl; one ripens to a seed ; fmit globose, 
indehiseent. 

Order 8. Ckocifeki. Flowers nsnally ac- 
tinomorphic ; floral formnla K2 + 2, x i, 
A2 + 2', GSI. The four petals form a whorl, 
alternating with the fonr sepals as if the 
Fin. 2M.— Diasramofthe latter formed one whorl; there are, however, 
Howero craci n. thrge perianth- whorls, as in the two preced- 
ing families; bnt whereas in them only the outermost whorl ii 
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sepaloid, in this family the two omter wliorla are sepaloicl, and the 
innermoBt, which alone . is petaloid, ia a whorl cooaisting' of four 
mstead of two tnomhers. The two outer stamens are lateral, as 
in those families ; the two inner ones, which in the Fnmariacefe 
are divided, are here duplicate, having longer filaments (Fig. 270 
JihV) than the outer ones (a) ; hence the flower is Utradynamima. 
There are often minute glands at the base of the ovary (Fig. 2?0 
B d). The ovary consists of two carpels with the ovules in two 





1 I ©• ;| 



itnd embryos of vtuiouB OmcAteriB^ A Flower of BroaAJL-a (unt. 
« soroUs. B Tbe Bome afier removit! at the pedanth (macli 

Siliqoa of Brmita : » aieaeplment. D Angnstisoptal silicnl* of Thlaspi. S hati- 
la of Drabs. D* mdE* DisgismmHtio trBnaveree section of the preceding; « 
nentiiBoed. F Indehieoent ■ilicula of IsaUa. O Jointed liliquB of Rfiplumiu Knpliaiii- 
ir Btjie I I 1 1 eepnrUe segtnenia. K-H Ciagmmi of diSoreatlf-totded embrjos, 
with tTnaB7erBfl flectionH : r radicles ; c c eotyledona- 

longitndinal rows on the adnate margins of the carpels ; these two 
parietal placentee are connected by a membranous growth which, 
as it is not formed of the margins of the carpels, must bo regarded 
aa a spurious dissepiment (Figs. 270 D* E*, 160 w). When 
the fruit opens, the pericarp splits into two valves corresponding 
to the carpels, leaving the placentee attached to the dissepiment 
forming the replam; the seeds remain attached to them for some 
time (Fig. 160 0). 

The flowers are in racemes in which the bracts are suppressed ; 
when the lower pedicels are longer than the upper ones, the nicoma 
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becomes a corymb, and then the lower flowers are usnally zygomor- 
phic, the petals turned towards the periphery being larger than 
those directed towards the axis of the inflorescence, as in Iberis. 

The form of the fruit is of importance in the sub-division of this 
order. In some genera it is much longer than it is broad, when it 
is termed a siliqua (Figs. 270 C, 160 G) ; in others, it is not much 
longer, or about as long as it is broad, when it is termed a silicula 
(Fig. 270 D and E), The latter is commonly somewhat com- 
pressed in one direction ; either parallel to the dissepiment, that is 
to say laterally (Fig. 219 E and E*), so that the dissepiment lies 
in the direction of the greatest diameter, when it is laiiseptalf or 
perpendicularly to the dissepiment, that is in the median plane, so 
that the dissepiment lies in the narrowest diameter, when it is 
angustiseptal (D and D).* Fruits with only one or a few seeds, and 
which are indehiscent, are confined to only a few genera, such as 
Isatis (Fig. 270 F). So likewise is the jointed siliqua, which has 
transverse dissepiments between the seeds ; when they are ripe it 
divides transversely into segments, as in Raphanus (Fig. 270 O). 

The embryo is folded in the seed in various ways ; the radicle 
may lie in the same plane as one of flat cotyledons (Fig. 270 K), 
when the cotyledons are said to be incumbent, NotorhizeoB (the dia- 
gram being Q ||) ; or the radicle may occupy the same position, the 
cotyledons being folded (Fig. 270 /), when the cotyledons are said 
to be incumbent and folded, Orthoplocece (diagram of section O^) > 
or, thirdly, the radicle may be lateral to the two cotyledons (Fig. 
270 H), when the cotyledons are said to be accumbent, Fleurorhizece 
(diagram O ==) : more rarely the cotyledons are spirally rolled so 
that in a transverse section they are cut through twice, Spirolobem 
(diagram Q il II) ; or, finally, they may be doubly folded, and be seen 
four times in a section, Dlplocolobeoe (diagram Q II II 11 II )• The 
seeds contain much fatty oil. 

Sub-order 1. Siliquosjb. Fruit a siliqua, much longer than it is broad. 

Tribe 1. Arahidea. Q =. Cheiranthtu Cheiri, the Wall-flower; Matthiola 
anntia and incana^ the Stock, are cultivated as garden plants. Nasturtium 
officinale is the Water-cress. Barbarea vulgaris is the Yellow Bocket. Garda- 
mine and Dentaria also belong to this tribe. 

Tribe 2. SisymhrircB, Q \\, Sisymbrium officinale ^ the Hedge-Mustard, is 
common on rubbish heaps, and Erysimum on walls, etc. Hesperis is the Dame*8 
Violet. 

Tribe 3. Brassieea. O^* ^® species and varieties of Brassica are much 
cultivated. Brassica oleracea is the Cabbage, with the following varieties; 
acephala, Scotch kail, Cow-cabbage or Borecole; bullata, the Savoy cabbage: 
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eapitata, the rsd and white Cabbage ; gongylodet or eaulorapa, mth the stem 
STolleii at the bBse, is the Eohl-rabi ; botrytis, with connate Qeeh; peduncles aad 
abortive flowers, is the Caulifiower ; gemmifera, with nnmeroos lateral leaf-bnds, 
known as Braasels Sproata, Braiiica rapa is the Turnip, with bright green 
hispid leaves and flat corjmbs of Bowers ; Braiiiea Naptu, the Bape, has glabrous 
gtaacoUB leaves and long racemes of flowera, and is cultivated lox the sake of the 
oil contained in the seeds ; both these species have flesh; nndergroimd stems. 
From B. rapa are derived the varieties cainptttrit, the Summer- Turnip, and 
oleifera, the Winter-Tomip, as well as rapifrra, with a flashy root, the white 
Inruip. From S. Napui are derived the varietiee annuo, the Snmmer-Bape, and 
hiemalii, the Winter-Bape, wbioh yield oil, and the variety Napobrainca, with 
an underground thickened stem, the Swedish Turnip. Bratiiea nigra and 
Sinapit (or B.) alia are the black and white Mustard, To this tribe betoDgs also 
the genus Diplotaiis. 
■Sub-order 3. SiLionLoss. Fmit a silicula. 

A. La titepla. The dissepiment is in the longest diameter of the silionla. 
Tribe 4. Algiiinca. Q =. Conkltaria nfficinala is the Scurvy-grass; C. 

Armoratia, the Horse-radish, has a thickened root. ^Iy»uni calycinam and 
Draba vcma, the Whitlcw-grBBS (Fig. 2T0 E), are common weeds. 

Tribe 5, Caviclinea. Q II- To this tribe belong Gamelina (Gold-of-pleastirc) 
and Subularia, the Awl-woit, an aquatie plant. 

B. AngmtiieptiB. The dissepiment is in the shortest diameter of the silicnla. 
Tribe S. Lepidinea. Q ||. Capttlla Buna PailorU, the Shepherd's Fuise, 

is common, as also various species of Senebiera and Lepidiom (Cresses). 

Tribe 7. Tlitaipidea. Q =■ 'Various species of Thlaspi, the Penny Cress, 
are common. To this tribe belong also Qte Britieb genera Iberis (Candj-tuft), 
Teesdalia, and Hntchinsia. 

Sub-order 3. Nccchihtaces. BiUonla indehiscent, few-seeded. 

Tribe S. Iiatidea. ItatU linttaria, the Woad, has compressed pendulous fmits 
which are unilocular and one-seeded (Fig. 270?'): 
it is used as a blue dye. 

Sub-order 4. Lohektacbk. Fruit a siliqua or 
silieola, constricted into one-seeded segments 
(lomentaeeoKi) (Fig. 270 G). 

Tribe 9. Cakilinfa. Silicnla two-jointed. 
This tribe eontains the genera Cakile, the Sea- 
Bocket, and Crambe, the Sea-Eale. 

Tribe 10. Baphanea. Silicnla more or less 
monilitorm. Rnphanui latimii is the Radish i 
B. Raphanittrum, the Wild Badieh or Whits 
Charlock, is a common weed. 




Order 4. Cappaeidei. FlowerB stctino- 
morphic; formula K2 + 2, Oxi, A2 + 2' t 
or oc , flQ or x ! stamenH only very 
rarely 6 and tetradynamoas : ovary borne on a special prolongation 
ot the axis (gynophore) (Fig. 271 ()■ Fruit a siliqua or a berry. 
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The flower bnda of Capparit ipinoia from the Motli of Enrope are Imoim aa 

Order 5. Resedacbs. Flowera zygomorphic, sepals &nd petals' 
5-8, the latter laciniate : stamena Dcmeroiis : carpels 2-6-coniiat«, 
forming a nnilocTilar ovary, opea at the apes, with numerons ovules ; 
seed without endosperm : iufloresceace a raceme, withont bracteoles. 

Riieda tattoln, the Djet'e ireed, is Qsefnl as a yellow ije ; Jt. odoraui if 
Mignonette. 

Order 6. Cistimes. Flowers actinomorphic, usually pentamerons : 
the two external o£ the five sepals are generally smaller, and some- 
times they are ahsent ; stamens numerons, probably in conseqnence 
of branching; carpels 3 or 5, forming a nni- or mnltilocnlar ovary: 
ovules orthotropons : seed with endosperm. Trees or shmla with 
generally opposite stipnlate leaves. 

Ciitat ladani/ertu, ertlieia, and other species, grow in the sonth of Enrope; 
a balsam is derived from them. He'vmthemum vulgart, the Book Bose, is an 
under shrab which grows wild on drj soils. 



Order 7. BrxACES. 
America, yields an oral 
Annatto. 

Order 8. Viot4Eia«. 
always borne laterally : 



The seed of Bixa orellana, a native of 
Lge-coloared dye known in commerce as 

Floral formnla Kb, 05, A5, <?»: flowers 
ovnies anatropons: fruit a loculicidal 
capsule (Pig. 272 C) : seed 
with endosperm. The in- 
digenous species have zy- 
gomorphic flowers ; the 
anterior inferior petal is 
prolonged into a hollow 
spnr (Fig. 272 Aeg) ia 
which the nectar secref-ed 
by the spnr-like append- 
ages of the lower stamens 
collects (Fig. 2?2 A f s). 
The sepals are produced 
at the base (Fig. 272 A U). 

Viola ia the Violet, Tnaay, or Heart'a-eaae ; many species, as V. oJorata, the 
Sweet Violet, have only sn undergronnd etem which bears cataphjllary leaves, 
find which throws up petLolate foliaee- leave b and braoleolate pednnolea, each 
bearing a aiogle flower; V. odorata has ronners, bnt hirta and eoIUrta have 
none, la others, ai V. eantna, the Dog-violet, the main stem ia above gronnd 




flower: T btacloolo of the peduncle 
peiidaice'i < petsli; a epur of thi 
epnr-shnped appendage at the lone 
thBTS. lAtlw Bachi.) SKipo fruit: 
pplaesnUB; iseodB Imt 
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find bears the foliage-leaves. In V. mirabilU these two forms are so comhmed 
that in the spring flowers are developed from the rhizome whieh have large blue 
petals, but which are always sterile; it is not till later that inconspicuous 
(cleistogamous) flowers with minute petals appear on the leafy stem and these 
only are fertile. In V, tricolor and its allies, the stipules are leafy and 
pinnatifld. 

Order 9. Sarracenuceji. Flowers actinomorphic, hermaphrodite, 
with 15 or more stamens. 

The leaves of Sarracenia and Darlingtonia are adapted, by the peculiar develop- 
ment of their lamiuaa, for the capture of insects. 

Cohort 6. Ranales. Flowers generally acyclic or hemicyclic; 
perianth consisting of -calyx only, or of calyx and corolla ; stamens 
usually indefinite : gynoecium apocarpous, often reduced to a single 
monomeroiis ovary; very rarely polymerous and syncarpous. 
Seeds with or without endosperm. 

Order 1. Ranunculacejb. Perianth either consisting of a petaloid 
calyx, or of calyx and corolla, usually spiral: stamens numerous, 
occupying several turns of the spiral, or arranged in several alter- 
nating whorls, anthers bilocular, extrorse (introrse in Actsea and 
Peeonia) ; ovaries numerous, spirally arranged ; rarely one only 
(Acteea). The ovules are disposed on the two margins of each 
carpel, that is, in two rows down the ventral suture ; in several 
genera the number of the ovules in each carpel is reduced to one, 
which then originates from either the upper or the lower end of the 
cavity of the ov^ary. Seeds with endosperm. They are almost all 
herbaceous plants, and are either annuals or they have perennial 
rhizomes ; they have no stipules, but they have amplexicaul leaves 
or petioles. 

Tribe 1. Clematidea, Petals transformed into stamens : sepals petaloid, 
with valvate aastivation : ovaries numerous, each containing a single suspended 
anatropous ovule. Climbing or creeping shrubs with opposite leaves. Fruit 
consists of a number of achenes. 

Clematis Vitalba^ the Old Man's Beard, is common in hedges; it has a 
greenish-white calyx, and fruits with long feathery styles : C. Viticellat patens, 
and others, are cultivated as decorative plants. Atragene alpina, occurring in 
the Alps and in Siberia, has its external stamens converted into petaloid stami- 
nodes. 

Tribe 2. Anemonece, Petals transformed into stamens : sepals petaloid, with 
imbricate sBstivation: ovaries usually numerous, each containing a single 
suspended ovule : fruit consists of a number of achenes. 

Thalictrum; the species of this genus, as T. minus, flavunit said aquilegifoliumt 
the Meadow-Bues, have stems well covered with leaves, and flowers with an 
inconspicuous, fugacioup, 4-5-leaved calyx, and a flat receptacle. Anemone 
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bus an hemispLerical receptacle (Fig. 373 A 1), and a peUloiil, nsoall; 5-8- 
Ie!iT«4 calyx. In most ot the apecisB the nndergroaad rhiiome elongates 
into an erect scape which bears a single Tthail of three leaves forming an epi- 
calyi beneath the terminal flower. In A. ntiaorota, tauunculoida, and others, 
these leaves resemble the foliage-leaves and of teu bear flcwers in their aiiU ; 
bat in A. PuUatiUa, and others, thej differ from the foliage-leaves in that the; 
are pslmatifld (Fig. 273 Ah); la A. Uepatiea, in which the scapes spring from 
the aiits of oalaphjllar; leaves, the three bracteoles are simple and lie so closf Ij 
nnder the petaloid coljx that at first they appear to be the calyx of the ftoner. 




S'lo. iTl— nowBrsotHannnonlateoi •pednacle; tcalTi; ecorolli 
n Btlfiraia (all of nHbural alzs or slightly mognlfled). A Of ArtetaoM PuUatiUa, lobgitditiiiiLl 
section ; h splcalyx ; ( reeeptaola. B GyncBdom ot Ranoncalas i i receptacle vllb the 
pointa of Ineortlon of Chs ■tAmcnfl whicli have bean ramcved. C Floner Been from belov. 
D Flower ollfsUifcorui Hindu. B 01 Jcmiilum Ifapdlui: h bracteoleai K lioodad protcrlor 
sepAl— tlio la^r&l upal on this Hide U removed. 

Tribe 3. Ramineulea. Periahth oonsiBting of calyx and corolla ; sepals Im- 
bricate : fruit an acbene, ivith a nsDally ascending ovale (euapended in Adonii 
and Uyoanrns). 

BannncQliia ; the oalyi conaiste of five sepals and the corolla of five petals 
which alternate with the aepala and have a nectary at theii base ; the stamens 
and carpels are arranged spirally. 

The genus includes water-plaats with finely-divided leaves and while Sowers, 
fts 2t. aqantlli'. Water crowfoot, fiaitant, etc. ; and land or bog plants tuoally 
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with a yellow corolla, as It. aetr, the Buttercup, Ttpen$, hulbatm, oad mUraiut 
(all known m Crowfoot), and Fiammula (Lesser Spearwort) ;'the;aieall mora 
or leas poigODOaE. B. Ficaria (the Lesser Celandine) haa 3 aepals and nauallv 
8 petals. Myoiunti miniiuat (Mouse-tail) has a very long oyliadrical receptacle ; 
the sepala are spurred, aud the petalj gradually pasa into the stamens. Adonis, 
the Pheasant's Eye, haa oompletely acycho flotrers ; sepals 6, petals 8 or more, 
not glandular at the hase ; Btamena and oorpele indefinite, arranged in fy otder. 
A. aatunmalu is the specif which occurs in England. 

Tribe 4, BelUbarta, Perianth generally conuBting of calyx and eorolla, the 
latter being occasionally suppressed ; the petala are glandalat at the base ; 
ovaries usaally fewer in number tban the leaves of the perianth ; ovnles numer- 
ous, borne on the ventral suture ; fruit nsuallj consists ol deveral follicles. 

(a) With actinomorphio flowera : 

Helleboms, with aeyoho 'flowers ; sepals in ) arrangement; the petals, which 
are small and tubular, in | or -^g ; Btamena in ,*, or f, ; ovariea usually S-6 
(Fig. 273 Z>). .H. ni^er is the Christmas Boss; H.viridu and fottidut are not 
rare. Nigella has 5 petaloid sepals and nanally 8 (auperposed tf 5) small gland- 
ular petals. ^^>tUas, the Olobe-fiower, has 
5-15 petaloid aepala, and a similar number of 
small petals which, like the stamens, are 
arranged spirally : T. etirapaui dooutb in sub- 
alpine regions, Caltha, the Marsh-Marigold, 
has five yellow petaloid sepals but no corolla : 

C. paluttrU is common in damp phtces. Eian- 
tbis, the Winter Aconite, has small petals with 
long clawa. Aotsa has a petaloid calpc and an 
alternating (sometimes suppressed) eorolla ; it 
has a single carpel which becomes a baofate 
fruit: A. ipieata, tihe Banebeiry or Herb 
Christopher, oooors in woods. Aqnilegia, the Pia. I7i.— Diagram ot floner of 
Columbine, has a cyclic flower (Fig. 274} : it AquUagia. 

has five petaloid aepala, and petals with long spura : A. vulgaHi, atrata, AkUi, 
and others oconr wild or are onlUvated as decorative plants. 

(b] With zf gomorphic flowers : 

Delphinium, the Larkspur, has the posterior of the five petaloid aepala pro. 
longed into a apur : there are typically 6-8 petala, of which only the two (or foni) 
poaterior are developed, their spurs projecting into that of the posterior sepal. 

D. StaphUagria is poIsonoDS ; D. cantolida has but one carpel ; D. Ajacii is a 
common garden plant, with IS carpels. In Aconitum, the Wolfs-bane or 
Monk's-hood, the posterior of the 5 petaloid sepals is large and hooded ; the two 
posterior of the S petals have long claws and are covered by the posterior sepal, 
the others being inconspicnoas (Fig. 273 E c). 

Sub-order i. Paonita. The perianth consists ot calyx and corolla, and the 
petals are not glandular : ovaries with numerous ovules, anrrounded by a disc. 

In Psonia, the Fieony, the calyx conaists ot 5 sepala which gradually pass 
into the foliage -leavea ; the 5 or more petals are larger; the qtamens are spir- 
ally arranged. P. officiaalU, coTallina, and others are cultivated as decorative 
plants ; P. Moatan has a woody stem and a tubular disc. Fruit consiata of 
several follicles. 
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Order 2. Uaosoluczx. Perianth cyclic, ootuiBting nsnally of 
three alternating trimerona whorls, one td eepals and two of 
petals: stamens and carpels nnmerons, arranged spintlly: seed 
containing endosperm. Woody trees or shrubs. 

Tribe 1. MagnolUa. Carpels Tcr; numerotu os an dongsted QlindrieaJ 
roeeptsde : flowers mterted b; a ipathoid bract ; etipoles connate. Magnolia 
grandijiora and other ipecies, and Liriodendron tulipifera (the Talip-tree) from 
North Americs, are □mamental trees. 

Tribe 2. Illiciia. Carpels in a limple whorl on a flat lee^tacle (Fig. 158). 
lUUiaia aniialua, the Star AtUM, is a natire of China. 

Order 3. Caltcasthace*. Flowers acyclic, perigynons. 
Calycanthtti Jloridiu is an ornamental shmb with brown aromatic leaves. 
Order 4. Nyhfhaacex. Flowers nsnally acyulic withont any 
sharp demarcation between the petals and the stamens; pistil 
either apo- or synoarpons. Water-plants, generally with broad 
floating leaves. 

Tribe 1. Nyinphaina. Carpels connate, [onning a poljmerons mnltiloctilaT 
tmiy which ma; be either saperior or interior. Ovules nDmerons, placeutation 
■□pei£cial : seeilB nomeroas, containing both endosperm and perisperm. The 
rhizome giowa at the bottom of the water and throws up broad flat cordate 
leaves with long petioles which float on the snrtace. The fiower also reaches 
the Bnrface, borne on a long peduncle. 

Hymphma alba, the wliit« Watei-Lil;, has tonr green sepals, a great number 
□t white petals which, together with the very nnmeroos itamens, ate arranged 
spirally, and a Bemi-inferior ovarj'. Kuphar luteum, the jellow Water-LiJ;, has 
a calji conaieting of five greenish-jellow sepals ; the petals, which are amaller 
and yellow, are iisnall; 13 in nmnber, and form a aontinnons spiral with the 
indeQnite stamens ; the ovary ie superior. Victoria rtgia, a Brszilian species, 
has peltate leaves of more than a yard in diameter. 

Tribe 2. Nelumbiea. Ovaries numeroas, distinct, imbedded in the fleshy 
receptacle : seeds solitary, without endoEpena. 
Stlutalium tpeciotwn is the Lotus of Egypt and Asia. 

Tribe 3. Cabombia. Flowers eyolio. Ovaries nn- 
meroDB, monomerons, each with from 3 to 3 ovoles 
attached to the dorsal Buture of the carpel. Seeds con- 
taining endosperm and perisperm. The submerged 
leaves are much divided, the floating leaves peltate. 
America and the Eaat Indies. 

Order 5. Menisperhacex, Flowers dicecions, 

Fio. a7(.— DisBrom of Cyclic ; the whorla are nsnally trimerons, and 

flower of many of ilie the calyx, coroIla, and andrcecinm have at 

M«ii.p.rmacea. j^^^. ^^^ ^horU each. Carpels usnaUy 3-6, 

distinct, one-seeded, bnt many-seeded in the enb-fomily Lardi- 
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zalbesB. Thej are tropical climbing plants with berbaceons stems 
and palmate leaves. 

Order 6. Berberidejb. Flowers hermaphrodite, cyclic, the calyx, 
corolla^ and andrcBcinm, each consisting of two di- or trimerons 
whorls. Ovary monomerous, with numerous marginal ovules. 
"Fmit capsular or baccate. Seed with endosperm. 

BerberU vulgar U is the Barbeny ; its floral formula is £8+3, C3+3, iil3+3 
Oi. ; the flowers are in pendent racemes, nsnally without terminal flowers ; when 
a terminal flower is present its formula is K5 \ C5 \ A5. Fruit an oval berry. 
The leaves of the ordinaiy shoots are transformed into spines (Fig. 12), in the 
axils of which are dwarf-shoots bearing the foliage-leaves and the inflorescences. 
Epimedium has a dimerous flower ; oalyz of 1-5 whorU ; petals spurred. 
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Absorption by roots . . • • , 80 

,1 ofcarboti . • • • 74 

Accumbent cotjlddons . • • • 314 

Achene ..,.'..'.., 77 

Acids 77 

Acorn 206 

Acropetal deyelopment .... 2 

Aotinomorphic flowers .... 199 

Acyclic flowers 194 

Adventitious members . . . . 2, 16 

^cidiospores ....... 137 

^cidium 137 

Aerial rooU ....'... 24 

iBstivation ........ 14 

Air-chambers ...... 43, 87 

Alas ...... . . .294,311 

Albuminous substances ... 76 

Alburnum . ' 56 

Aleurone-grains ....'.. 32 

Alkaloids ........ 77 

Alternation of generations . . 104 

Aluminium. ....... 74 

Amentum ........ 214 

Ammonia ........ 78 

Amoeboid movement .... 32 

Amphigastria 149 

Amplezicaul ....... 11 

Anatomy of plants \ . . . . 25 

Anatropous ovuled 173 

Androecium ...... 171, 186 

Angle of divergence ..... 4 

Annual plants 175 

„ rings 54 

„ shoots. ...... 17 

Annular bark ....... 67 

„ vessels 48 

Annulus 153, 161, 167 

Anterior 198 

Anthela ...;..... 214 

Anther ......... 186 

Antheridium ; . . . 103, 145, 156 
Antherozoid . . 103, 112, 145, 156 

Anthocyanin ....... 37 

Antipodal cells 205 

Apex 1 

Apical cell 67 

Apocarpous gynoecium .... 189 

Apophysis . 181 
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Apostrophe. • • 101 

Apothecium . . . . . .130,132 

Apposition 28 

Archegonium . . 103, 145, 156, 177 

Arillus 175, 179, 301 

Arista . . . 224 

Arrangement of leaves .... 3 

Ascidium •14, 25^ 

Ascogonium . . . '. . .129,134 

Ascospore 104, 128 

Ascus. . . - 128 

Asexual reproduction . . . . 103 

Ash of plants 73 

Asparagin 76 

Asymmetrical flowers .... 199 

Atropous ovules 173 

Autumn- wood ....... 54 

Auxospores 115 

Awn 224 

AxU 3 

Axile placeutation 193 

Axis 2 

Bacca 210 

Balsam 62 

Barium 74 

Bark 66 

Base 1 

Basidium* .' ! ! ! *. 122, 137, 140 
Bast (phloem^ ....... 47 

Bastard 204 

Bast-flbres 50 

Beny 210 

Biennial plants 175 

Bifurcation . 20 

Bilateral structure ..... 92 
Biseriate perianth ..... 184 

Blade. 9 

Bleeding of plants 85 

Bloom on plants ...... 63 

Bordered pits ....... 42 

Bostrychoid dichotomy .... 21 

Bostryx . 213 

Bough 17 

Bract 16 

Bracteole 184 

Branch ......... 17 

Branch-systems 20 

Bromine ........ 73, 79 



Bad .. , . 3 

Bud-scales 16 

Bulb 19 

Bulbil 17 

Bimdle-Bheath 68 

Caloinm T3, 79 

„ carbonate SS 

oxalate 36,78 

CaUDB 70 

Caljptia 146 

Calyi 184 

Cambiform-tissne GO 

Cambium 47 

Campylotropoua ovules . . . 173 

Canal-cella 145, 156 

Caontcboai) 61 

CapilUtiam 127 

Capitalum 211 

Capsule 147, 209 

CaiboD 73 

Carbonic acid, absorption at . , 74 
„ „ evolution of • . 83 

Carina 294 

CarniTorous plants .... 78, 97 

Carpel 16, 171 

Carpogoninm . . 113, 120, IM, 134 

Carpophore 206 

Carpospore 104, 111, 122 

Caruncle 264 

Caryopsis 208 

Cataphrllaiy leaves 15 

Catfein 214 

Cauliele 240 

Caoliue bandies ...-.,. 47 

Caulome ' . . . 1 

Cell, The 26 

CeU'division ....... 37 

Cell-fusioDS 43 

Cell-eap 26 

CeU-waU 28 

Cells, oommoQ wall of ... , 41 

,. fllaments of 41 

„ IiumB of 28 

„ massas of ..... . 41 

„ stulaces of 41 

Cellnlose 28, 75 

Cbalaza 172 

Chambered ovary 190 

Chemical action of light . . , 100 
„ piooesses in plants . . 72 

Chlorine 73, 79 

ChloTophjU 33, 74 

„ affected by cold . . 100 

Clilorophyll.corpnBcleB .... 33 

„ formation of . . . 100 

„ movement of . . . 101 

Gblorotio plants 78 

Cicatrix 8 

Cicinal diebotomy ..... 21 



Cilia 113 

Circinate vernation 14 

Circulation of proloplaam . • . 81 

Claw 166 

CleistogamouB SowerB .... 200 

Climbing-plants 16, 93 

Closed bmidles 47 

Cobalt 74 

CoccoB 206 

Cohesion 185 

Collateral arrangement of bnndlea 61 

Collenchyma 67 

ColleteiE 65 

Colouring matter 77 

Columella 147 

Common bundles 46 

Complementary tissue .... 68 

Compound inflorescences . . . 313 

„ leaves 13 

Concentric arrangement of bun- 
dles 61 

Conceptade 117 

CondapUeate vernation. ... 14 

Cone .180 

Comdiiun 103, 133 

Conjugation 104, 114 

Connate 11 

Connective 18S 

Contorted vernation ..... 14 

Copper 74 

Cork 65 

Corm 19 

Corolla 184 

CorpuBculnm 177 

Cortex 47, 67 

Cotyledon 16, 174 

Cross-fertilisation 200 

Orystalloid S3 

Crystals SB 

Coneiform leaves 13 

Cnpule 206 

Cuticle 63 

Caticnloruation ot cell-wall . . 30 

Cyathinm 258 

Cycle 6 

Cyclic flowers 196 

Cyme 313 

Cjmose brani^iing ..... 21 

„ infloreBcenoeB .... 218 

Cypseia 208 

Cystoearp 130 

Cystolith 86 

IJecuBsate arrangement of leaves 6 

Deterred Bhaote 16 

Degradation productB .... 77 

Deliiscecce of anthers .... 189 

DehiEosnt fraits 208 

Dermatogeu < 69 

Development of cells .... 87 

Diadelphous stamens . . . , IBS 
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Diagonal plane 198 

Diagram, floral ••••.. 196 

Dichasiam 21, 202 

Dichogamy. ........ 201 

Dichotomy. 20 

Diclinous flowers 175 

Didynamous stamens .... 188 

Differentiation of tissues ... 69 

Dimorphism ....... 202 

Dioecious plants 175 

Disc 194 

Displacement 197 

Dissected leaves 12 

Distichous arrangement ... 5 

Diurnal and nocturnal positions . 96 

Divergence 4 

Dormant buds 16 

Double flowers ...... 188 

Drupe 209 

Dry solid of plants 73 

Duramen 56 

Dwarf-males 119 

Dwarf-shoots 17 

Ectoplasm 31 

Elaters 147,167 

Electricity 102 

Elementary constituents of the 

food of plants 72 

Eleutheropetalous corolla . . . 185 

Sleutherosepalous calyx . • . . 185 
Embryo . . 104 170, 174, 215, 240 

Embryo-sac 173, 204 

Emergences 24 

Empirical floral diagram . . • 196 

Enantioblastic 228 

Endocarp .......'. 207 

Endodermis 58 

Endogenous members .... 2 

Endoplasm 31 

Endosperm .... 169, 170, 173 

Endospore 147 

Entomophilous flowers . . . 200 

Epicalyx 186 

Epicarp 207 

Epicotyledonary portion of stem 174 

Epidermis 62 

Epigynous flower 192 

Epinasty 92 

Epipetalous stamens • • . • 188 

Epistrophe 101 

Erect ovule 194 

Erythrophyll ....... 37 

Etiolated plants ...... 91 

Eucyolic flowers ...... 195 

Exogenous members .... 2 

Exospore ..... ^ . . 147 

External sheath 58 

Extme 171 

Extrorse anthers .••••• 189 

False dichotomy ...... 22 
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Fascicle 214 

Fascicled leaves ...... 17 

FasciciQar cambium 52 

Fats 75 

Fertilisation 103,204 

Fibro- vascular bundles .... 45 

„ system .... 45 

Filament ........ 186 

Floral diagram 196 

„ formula 197 

Flower 16, 171 

„ opening and closing of . 194 

„ symmetry of 194 

Fluorine 74 

Foliage-leaves 15 

Follicle. 208 

Food of plants ...... 72 

Form of leaves ....,• 8 

„ „ stems . .• . -. •• •■ 17 

„ ,, tissue ....... 43 

Fovea 170 

Free cell-formation 40 

Freezing, effects of 99 

Fruit . 205 

Fundamental tissue . . . . 45,57 

Funicle 172 

Gamopetalous . 185 

Gamophyllous . ...... 185 

Gamosepalous 185 

Gases, movements of ... . 86 

GemmsB 148 

General conditions of plant-life . 98 

Generations, idtemation of . . 104 

Genetic spiral 6 

Geotropism 92, 102 

(}emunation .... 174, 215, 240 

Glands 65 

Glandular hairs 64 

Globoids 33 

Glomerule 214 

Glume 224 

Gonidium 133 

Grand period of growth ... 90 

Granulose 34 

Grape-sugar 37 

Gravitation, action of . . .91, 102 

Green colour of plants .... 33 

Growing point 68, 89 

Growth 88 

„ in length 89 

„ „ thickness of cell-wall 29 
„ „ „ of stem and 

roots ...... 52 

„ of starch-grains ... 35 

„ superficial, of cell- wall . 28 

Guard- cells of stomata ... 68 

Gum 77 

Gum-resin-ducts 62 

Gynoeoium 171, 189 

GynophoiQ • 315 
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Gynostemiom • . . .. .. « . 237 

Hairs . 24,64 

,, internal . • ...... . 43 

Hard bast ^ .« .. . 50 

Heart-wood <. 56 

ISeati action of ..... . 98 

„ ' production of .... . 98 

„ radiation of 98 

Helicoid cyme 22, 213 

,, dichotomy . . . . .21 

Heliotropism .91 

Hemicyolio flowers 195 

Hermaphrodite flowers .... 175 

Hetercecism . . . . . . . 139 

Heteromerons lichen-thallus . . 134 
Heterostylism . ...... 202 

HUum 35, 172 

Homoiomerous lichen-thallus . 133 

Hybrid 204 

Hydrogen 73, 78 

Hymenimn . 130 

Hypha 121 

Hypocotyledonary portion of stem 174 
Hypoderma . . . ^ . . . 57 
Hypogynous flowers .... 191 

Hyponasty 92 

flypsophyllary leaves .... 16 

Ice, formation of 99 

Indusium 161, 166 

Inferior ovary 192 

Inflorescences ...... . 210 

Inorganic ash of plants ... 73 

Insertion of leaves 3 

Integmments 172 

Intercellular spaces 43 

Interfascicular cambium ... 52 
Internal receptacles for secretions 60 

Intemodes 2, 84 

Intine ^ . . 171 

Introrse anthers 189 

Intussusception . . . . ^ . 28 

Inulin 37,75 

Involucel 213 

Involucre 150, 212 

Iodine 73,79 

Iron 73, 78 

Irritability 95 

Isomerous whorls 195 

Knight's Machine . . . -^ . 92 

Lamina . 9 

Lateral plane 198 

Latex . 60 

Laticiferous cells ...... 60 

„ vessels 60 

Leaf ».. 2,3,8 

„ minute structure of . . . 59 

Leaf-traces 46 

Leaflet 12 

Legume ......... 208 

Lenticels • . « ^ . • • . 67 



Librifonn fibres ...... 5'4 

Lights action of 91, 100 

Ligniflcation of cell- wall .... 30 
LigulB ...... 10,186,224 

Limb 185 

Loculicidal dehiscence • . • . 209 
Loculus ..... . . . . . 190 

Lodicule 223 

Lomentum. ....... 208 

Lysigenous development ... 60 
Macrosporangium ^ . 157, 164, 169 

Macrospore 103,161,164 

Magnesium . 73, 79 

Male lowers 175 

„ reproductive cells .... 103 
Median plane . . ... . . 198 

Medulla 47 

Medullary rays 47, 55 

„ sheath 53 

Members 1 

Mericarp 206 

Meristem 44 

Mesocarp ........ 207 

Mesophyll 10 

MetaboUsm 75 

Micropyle 172 

Microsporangium . . 156, 164, 169 
Microspore . 103, 157, 164, 169, 172 

Middle lamella 41 

Mid-rib 10 

Mineral matters in the cell-wall 31 
Monocarpous plants .... 175 

Monoecious plants 175 

Monomerous ovary 190 

Monopodial branch-system . . 21 
Monosymmetrical flowers . . 199 

Mother-cell 37 

Motile organs 96 

Movement of water in the plant 83 
»> i» gases ,, ,, „ oo 
Mucilage, conversion of cell- wall 

into 30 

Multilocular ovary ...... 191 

Mycelium ........ 121 

Nectary . 194 

Negative geotropism 92 

„ heliotropism .... 91 

Nitrogen 73, 78 

Node 3 

Nucellus of ovule 172 

NucieoU 31 

Nucleus of cell 31 

Nut 208 

Nutation 93 

Ochrea 9 

Oils 72,77 

Oogonium 103, 112, 127 

Oophore 105 

Oosphere 103 

Oospore. .103 
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Opening and closing tyf flowers . 94 

Operculum. 147 

Orthostichy ....... 5 

Orthotropous ovule 172 

Ovaiy .172,189 

Ovule 172 

Oxygen 73,74,81 

PaleaB . . . ..... 212, 2^3 

PaUisade-parencbyma .... 59 

Panicle . . . 214 

Pappus . 278,279 

Paraphyses,. ,. .. . . . 130, 146 

Parasites 75,121 

Parastichy 7 

Paratonic action of light . . . 96, 101 

Parenchyma 44 

Parthenogenesis 104 

Pedicel 211 

Peduncle 184 

Peloric flowers 199 

Perianth 184 

Periblem ........ 69 

Pericambium ....... 51 

Pericarp ......... 207 

Perichsetium ........ 145 

Periderm 65 

Peridium 144 

Perigynium 145, 228 

Perigynous flower 192 

Periodic movements of organs . 96 
Periodicity of growth .... 89 

Perisperm 205 

Peristome 153 

Perithecium ....... 130 

Permanent tissue 44 

Petal . 184 

Petiole ......... 9 

Phelloderm ....... 66 

Phellogen ......... 65 

Phloem 47 

Phosphorescence 83 

Phosphorus . . . . . . 73, 78 

PhototODUs 101 

Phylloclade 19 

PhyUode . 9 

Phyllome .......... 1 

Phyllotaxis 3 

Pileus 143 

Pistil . 189 

Pith 47 

Pitted vessels HO, 49 

Placenta . .... . . . . 193 

Placentation ... . . . . . 193 

Plane of symmetry . ..... . 187 

Tlasmodium 127 

Plastic substances ..... 75 

Pleiomery . . . ... . 196 

Plerome ........... 69 

Pleurogynous stigma .... 193 

Plumule ........ 174 
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Podium . . . . ..... 20 

Point of insertion 3 

Pollen, development of ... . 38 

Pollen-grain 171 

Pollen-sac ...... 171, 189 

Pollen-tube 104, 172, 189 

Pollination 200 

Pollinium . 189 

Polyaxial plants ...... 210 

Polycarpous plants 175 

Polygamous plants . . ... . . 175 

Polymerous ovary ... , . . 190 

Polypetalous corolla .... 185 

Polyphyllous perianth .... 185 

Polysepalous calyx 185 

Polysymmetrical flowers . . . 199 

Pome 205 

Porous capsule 209 

Positive geotropism ...... 92 

„ heliotropism .... 91 

Posterior 198 

Potassium . . . . . . . 73,78 

Prefoliation 14 

Prickle 24 

Primary cortex ...... 57 

„ meristem 67 

„ root 174 

„ wood 48 

Primordial cell 27 

„ utricle 31 

Products of degradation ... 77 

Promycelium 137, 139 

Prophyllum 184, 198 

Prosenchyma 44 

Protandrous 201 

Proteid-grains 38 

Prothallium 155, 177 

Protogynous 201 

Protonema 144 

Protoplasm 31 

Pseudaxis 20 

Pseudopodium 152 

Pulvinus 17 

Punctum vegetationis .... 68 

Pycnidium 130 

Pyxidium 209 

Baceme 211 

Bacemose branching ..... 21 

„ inflorescence . . . 211 

Badicle 174 

Baphe 173 

Baphides 36 

Beceptaole 150, 161, 184 

Begular flowers • . . . ^ . 199 

Bejuvenescence of cells ... 40 

Beplum 208 

Beproduction 102 

Beserve-materials ..... 76 

Besin-ducts 62 

Bespiration « • 81 
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Betardation of growth by liglit • 91 

Bevolving natation 93 

Bhizome 19 

Boot-oap ....... 28, 68 

Boot-hairs ........ 80 

Boot'pressnre ....... 85 

Bootr stracture of 51 

Boots . 1, 28 

Bostellnm 208 

Botation of protoplasm ... 31 

Samara . 206 

Saprophytes . %. • . . . 75, 121 
Soalanform vessels .... SO, 48 

Scaly leaves 15 

Scape 211 

Schizocarp 206 

Schizogenons development . . 60 

Sderenchyma 44, 59 

Sderotiom 132 

Scorpioid cyme 22, 214 

Soorpioid dichotomy .... 21 

Scutellum 216 

Secondary cortex 57 

„ wood 53 

Seed 104, 170, 205 

Segmentation of apical cell . . 68 

Self-fertilisation 200 

Septicidal dehiscence .... 209 
Septifragal dehiscence .... 209 

Seta . 147 

Sexual reproduction .... 103 

Sheath 9 

Shoot 2 

Sieve-tubes 42, 49 

SiHcon 73, 79 

SiHcola 208 

SiUqua 208 

Simultaneous whorls .... 2 

Soboles 17 

Soft bast 50 

Soredium 134 

Sorosis 206 

Sorus 160 

Spadix 211 

Spathe 211 

Spermatia 129 

Spermogonium 130 

Spike 211 

Spikelet 211 

Spine 14 

Spiral arrangement .... 6, 194 

„ vessels 80, 48 

Spontaneous movements ... 96 

Sporangium 125, 161 

Spore 103 

Sporidia ...••. .137, 139 
Sporogonium ..••.. 105, 146 

Sporophore 105 

Spur 186 

Spnrioiis fruit . •.•••• 205 



Spurious tissue .•••.» 41 

„ whorl 4 

Stamen . .171, 186 

Staminode • . 188 

Starch 34,74 

Stem 16 

Sterigma 130 

Stigma 192 

Stigmatic cells 145 

Stipule 9 

Stolon 17 

Stomata 63 

-Stratification of cell-wall ... 30 
Striation of cell-wall .... 30 

Stroma 131 

Style 192 

Stylospore 103,130 

Successional whorls 2 

Succulent fruits 209 

Superior ovary 191 

Superposed members .... 195 

Suspensor 173 

Syconus. 206 

Symmetry of flowers. ... . 194 

Sympodium 20 

Syncarpous gynoecinm .... 189 

SynergidsB 205 

Syngenesious anthers .... 188 

Tap-root 23 

Teleutospore ..... 103,138 

Temperature 98 

Tendril 18,93 

Testa 170,240 

Tetraspore 103,121 

Thallome 1 

Thallus 1,24 

Thorn 19 

Tissues, forms and sjstems of • 43 

Torsion 94 

TraoheaB 48 

Tracheides 54 

Transpiration 84 

Trichogyne 134,119,120 

Triohome 1, 24 

Tuber •. . 19 

Tiillen 42 

Turgidity 88 

Twining of climbing-stems . • 93 
'„ tendrils ....«- 98 

Umbel 212 

Unilocular ovary 190 

Uredospores 103,138 

Utrioulus 228 

Vacuole 26 

Vegetative reproduction • . . 102 

Velum 143 

Venation • • . 10 

Vernation 14 

Versatile anthers ..•••• 186 
Verticillaster ....... 2U 
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Vessels •••...••• 48 

Yexillam 294 

VittBB 286 

Water, movements of ... . 83 

Wax 63 

Whorl 4, 195 



Pi.01 

Wood 47 

Xylem 47 

Zoospore 103, 111, 122 

Zygomorphio flowers 199 

Zygospore ..... 104, 111, 125 



PART n.— THE CLASSIFICATION AND NOMENCLATURE OF 

PLANTS. 



PAOB 

Abele 253 

Abies 181 

AbietinesB 180 

Acacia 296 

AcanthaceoB 244,268 

Acanthus 268 

Acer 300 

AcerinesB 246,300 

Achillea .282 

Achimenes 268 

Aohlya 39 

Aconitom 319 

Acorns 220 

Acrocarpous mosses 154 

AcrogjrnaB 151 

Acrostichese 162 

Actsea 319 

Adiantum 162 

Adonis 319 

Adoxa 284 

MMtWnm 139 

iBgDpodium 286 

^soulus 300 

iEthaUum 127 

iEthusa 286 

AgaricinsB 143 

Agaricus 143 

Agathosma 305 

Agave 239 

Agrimonia • • • 293 

Agrostemma 310 

Agro8tidefl9 226 

Agrostis 226 

Aigeiros 253 

Ailanthus 305 

Au» 226 

Aizoacesd ...... 245,288 

Ajnga 266 

Alchemilla 292 

Alder 251 

Aldrovanda 298 

Algae Ill 

Alisma 229 

Alismaces 218,229 

Alismales 218,229 

Allium 231 

Ahnond 292 

Alniu 251 



PA01 

Aloe 231 

Alopecnms 225 

Alpine Rose 276 

Alpinia 236 

Alsine 309 

Alsineas 309 

Alsophila 163 

Alstroemeria 239 

Althaea 308 

Alyssum 315 

Amanita 143 

Amarantaceas 244,257 

Amarantus 257 

Amaiyllideae 218,239 

Amaryllis 239 

Amentaks 244, 250 

Ammineae 286 

Amomales 218, 235 

Amorpha . 295 

Ampelideas 246, 302 

Ampelopsis 302 

Amygdaleae 292 

Amygdalus 292 

Anacardiaceae 246,300 

Anacrogynae 151 

Anagallis 275 

Ananassa 235 

Anaptyohia 135 

Andreaea 152 

Andropogoneae 225 

Anemone 317 

Anemoneae 317 

Anethum .287 

Aneura 151 

Angelica 286 

Angeliceae 286 

Angiocarpous Lichens .... 134 

Angioptms 163 

Angiospermae 175, 184 

Angnstiseptas 315 

Annatto 316 

Anthemis 281 

Anthoceros 149 

Anthoeeroteae 149 

Anthoxsnthnm 225 

Anthriseos 287 

Anihyllis 295 

Aniiaxis 248 



Antinbintmi 267 

Apera . 326 

ApmiD 386 

Apooyneie 216,373 

Apple 205,291 

Apricot 292 

AqnifoUacen 216 

Aqnilegw -.^ 310 

Anibidea . - 311 

Aiachu! 295 

Amlee 318, 219 

AnliaiMs 24S,287 

Aranearu ■ 132 

AxftaoariacesB 182 

Arbatas 276 

Axohiingelica 2B6 

Aiohidittnt 1S3 

Arotiom 283 

AratoBtapbyloB 27G 

Aroyria 126 

Aidisia 375 

Are» 221 

Arenaria S03 

AriBtoloehia 263 

AiiBtolochiete 311,262 

Anneria 275 

Amica 281 

Araideie 220 

Arrow-grass 329 

Airow-head. 230 

Arrow-root 236 

AiiemisiB 381 

Artioboke 283 

Artificial BjBtema of nlassiflca- 

tion 106 

Attooarpas 248 

Aram 230 

ABHrabacca 862 

Asaralea 211,262 

Asanim 262 

Aidepiadeas 215,273 

Asalepias 27S 

A^cobolua 133 

AecomvcelcE 128 

Aah 271 

AsparaginesB 23S 

Asparagus ........ 238 

ABpen 253 

Aspergmua 130 

A^)erifo1iffi 216, 271 

ABpernIa 383 

Aapidimn 163 

Asptanimn ........ 162 

Aeter 381 

AsteralsB 316, 378 

Asteroides 380 

Astiagalns 395 

Astrantia 286 

Atragene 317 

Atropa . 271 



Anonbft . . 287 

A^ena 328 

ATeoacem 226 

AvBiu. 293 

Azalea 376 

Baoillas 121 

Baoterinm 121 

Bsomjoes 136 

Balaaopbora 361 

BalanophoretB 211,361 

Ballota 365 

Balm 265 

BaUamineiB 346, 804 

Balmunodenilron 306 

Bambuea 233 

Banana, 236 

Baneberry 319 

Barbarea 311 

Barberry 831 

Barbola 151 

Barley 227 

Barosma 805 

Bartsia 269 

Baaidiomycetes 1*0 

Basil 265 

Bastard Toad-flax 263 

Batatas 369 

BatracboBpennnm 130 

Bean 295 

Bearbeny 2T8 

Bedstraw 383 

Beech 261 

Beet 267 

Beeonia 289 

Begooiaoeie , . . . . 215, 288 

Bellis 231 

Bent-grasB 226 

Berberidaces 246,331 

Berberia 831 

Bergenia 297 

BertboUetia 391 

Beta 2G7 

Betnla 261 

Betolacen 214, 251 

BideiM 233 

Bignoniacen 244, 368 

BUberry 377 

Bindweed 369 

Biota 189 

Bireh 251 

Bird-charry 293 

Bird's-foot Trefoil 395 

Bird's-oest 376 

BittsT-swfet 371 

Bbta 816 

Bixacen 216, 31Q 

Blackberry 393 

Blaok Bryony 3U 

Blackthorn 393 
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P161 

Bleolmnm 162 

Blinks ......... 810 

BUtnm 267 

Blue-bottle 282 

Bog-mosses ....... 151 

Bog-myrtle. ....... 252 

Bog-rnsh ... ... . . 22Y 

BdhmeriA ........ 248 

Boletus 143 

Boraginess ...... 245, 271 

Boraginoidete ..... . . 272 

Borago 272 

Borneo Camphor 809 

BoBwellia . 806 

Botrychium . . . . . . . 164 

Botrydiaces ....... 116 

Boti^dium 116 

Box . . 264 

Brachypodinm 227 

Brachythecium 155 

Brassica 314 

Brassicess 314 

Bread-fruit 248 

Brlza. 226 

BromeliacesB 235 

Bromus 226 

Broom 294 

Brown Bape 269 

Broussonetia 248 

Bryinss 153 

Bryonia . 289 

Bnckbean 272 

Buckthorn 301 

Buck-wheat 259 

BueUia 186 

Bugle 266 

Bugloss 272 

Bulgaria 133 

Bullace 292 

Bulrush 222,227 

Bnpleurum 286 

Burdock. 282 

Bur-reed 222 

BurseracesB 246,806 

Butcher's-broom 233 

ButomaoesB 218,230 

Butomus 230 

Butter-bur 280 

Butter-cup 319 

Butter-wort 269 

Buxinea 254 

Buxus 254 

Cabbage. . ... . . . . 314 

Cabombeffi-. . . . •. . . . 320 

Cacten 245,287 

CflBoma 140 

Csesalpinia 296 

CfBsalpinieflB .-.'.•. . . . -296 

Cakile .815 

Cakilinea • • -. -815 



Calabar Bean ....... 295 

Calamagrostis . ...... 226 

Calamintha 265 

Calamus . , 223 

Calceolaria ........ 267 

Calicie». . . 136 

Calla 221 

Callistemon 290 

Callistephus . 281 

Callithamnion 121 

CalUtriche 299 

CaUitrichinen 245,299 

Calluna . 276 

Calosphferia . 131 

Calothamnus ........ 290 

Caltha 319 

Calycanthacess .... 246,320 

Calycanthus . . 320 

Calyciflorad. ..... 245,284 

Calyptospora . . . ... . 140 

Calystegia 269 

Camelina 315 

CamelinesB . . . . . . . . 315 

Camellia 308 

Campanula 277 

Campanulacess .... 245, 277 

Campanales 245, 277 

Campion 310 

Campylospermea) 287 

Candy-tuft ........ 315 

Canna 236 

Cannabiness 244, 248 

Cannabis 248 

Cannaceffi ...... 218,236 

Cantharellus 143 

Capers 816 

Capparideffi 246, 315 

Capparis 316 

Caprifoliaoead 245,288 

Capsella. 315 

Capsicum 271 

Caragana 295 

Cardamine . 314 

Carduus 282 

Carex 228 

Carica 288 

Caricen 228 

Carlina 282 

Carline Thistle 282 

Carludovica ....... 222 

Carnation ........ 309 

Carpinus 260 

Carposporess ....... Ill 

Carrageen moss ....... 121 

Carrot 287 

Carthamus 282 

Carum . . . ... . . . 286 

Carya. . 259 

Caryophyllacea .... 246,809 
Caryophyllina . . . . 246, 809 



CMTopbTlIos 2 

Oiusytha 3 

Caet&nea 3 

Outor-oil pUnt 2 

CftBoarmem 241, 2 

Catalpa 2 

CsiebOj 3 

CBt-mint 2 

CBt's^tail-graBS 2 

CaucalineiB 3 

CancAlis 2 

Ganletpa 1 

Cedar 1 

Cedrela 8 

CeditM 1 

Celandioe 8 

„ leiser 3 

Celaatroles 246, 3 

CeUstrineie 216, 3 

Celery 2 

Celoaia 2 

CeltU 2 

Cembm 1 

Centanrea 2 

Centaary 3 

CentraDttinB 2 

Centrolepideie 2 

Cepbaelia 2 

CephalaQtbeia 2 

Geraaunm ........ 1 

Cerastiiun 3 

Ceratodou 1 

Ceratophylleai 211,2 

Oeratophjlluin 2 

Cerots 2 

Cerens 2 

Cetraria 1 

Chnrophfllum 2 

Chouuecjparia 1 

Chomsdorea 2 

ChamsropB 3 

Chamomile 2 

Chara 1 

Cbaraeen IIS.I 

Charlock S 

Cheirauthna 3 

Chelidouinm 

Chenopodiaoen .... S41, 3 

Chenopodiales 211, 2 

Cbenopadiiun 2 

Cherry a 

Cheny-laoiel 2 

Cheetnat 2 

Chicory , . . , 2 

Chives 2 

Chloiiden 2 

Chondras 1 

Chiiitniaa Bom . . . . . , . ■ 3 

nbroooooaiiB 1 

tOOltVOB , 116,1 



ChryBantbemnm ! 

CbTsoinjis .■ • ' 

ChiyaoBpleninm S 

Cbytridiaceie 123, 1 

Cibotinm 1 

Cicbariaoeie 3 

Cichorium . . S 

CicQta 2 

CiQchona 3 

CinnamomDm 2 

Circna 2 

CiTsium 2 

CiBlineffi 216, 3 

Ciatua 3 

CitruUufl 2 

Citma 8 

Cladonia 1 

Cladophota 1 

Cladraetia 2 

ClaiBi&catiOD of Flants . . . . 1 

„ of Thallopbytes . 1 

H of UOSMB . . . 1 

„ 0/ Vascular Crjp- 

tognnia. . . . 1 
„ of PbaiierogiiinB 107,1 

„ of GymnijupBtins . 1 
„ o( Angioapenns 107il 

„ of MoDocutjledona 2 

„ of Dicotyledon 9 . 2 

ClaTaria 1 

Clavariem 1 

Clavioepa 1 

Clematideee 3 

Clematis 3 

Clicapodinm 2 

CliBautbeie 2 

CloBterinm 1 

CloTCT a 

Clubnuh 3 

ClnaiawEB 216, 3 

Cooa 3 

Cooblearia 3 

Cock'B-foot-graBS 2 

Oook'B-aomb 2 

Cocoa-nut 2 

CocoB 3 

CiBloEpeimBie 3 

Ooffea 3 

CoSeaces 2 

Cohort 1 

Colchioem 2 

Colabicoin 2 

Coleochffitaag ' 113, 1 

Coleoaporiam ....... 1 

Colons 2 

Collema '. . 1 

Coloeotia 3 

CoU'B-toot 3 

Columbine 8 

Oolnpnek ..,...., 3 
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Colutea . • . « 295 

Gommelyna 230 

Gommelynacesd .... 218, 230 
Commelynales . .... 218,230 
Composited ...... 245, 279 

GonferveaB . 115 

ConifersB 177,179 

Conjugatffi 112, lU 

Gonium 287 

Gonvallaria 233 

Conyolvulacead .... 245, 269 

ConYolYuluB 269 

Goprinus 143 

Corallina 121 

Gorallorhiza 238 

Corchoras 307 

Cordjceps 182 

Goriandrum 287 

Gormophjtes 108 

Gomacesd 287 

Gom-cockle 310 

Gomel 287 

Gornus 287 

Goronilla 295 

Gorrigiola 810 

Gorticium 142 

Gorydalis 812 

Gorylacead 244« 260 

Gorylns 260 

Gosmarinm 114 

Gotoneaster 293 

Gotton 308 

Gotton-grass 227 

Gowslip . 275 

Grambe 815 

Granberry 277 

Grane's-biU. 803 

Grassola 296 

Grassnlacesd 245, 296 

Gratsegus 298 

Grepis 282 

Gress 815 

Grocus 240 

Grown Imperial 231 

Graoibnlam 144 

GrucifersB 246, 312 

GrastaceouB Lichens .... 186 

Grjptogams . 106 

Gryptomeria ....... 182 

Guckoo-pint 221 

Gnoubalas 309 

Cacumis. . 289 

Gucorbita 289 

Gucurbitacead 245, 289 

Gunninghamia 182 

Gnphea 290 

GupressinesB 182 

Gupressus • • 188 

Cnpnliferss 244, 260 

Curare 272 



Cnromna 236 

Currant 298 

Gusouta 269 

CusoutesB ...... 245, 269 

Gut-grass 226 

Cyathea 163 

Cyatheacesd 168 

Cyathus 144 

CycadesB ....... 177, 178 

Cycas. . . . • 178 

Cyclamen 275 

Cyclanthesd 218,221 

Cydonia 293 

Cynara 282 

Cynaread 282 

Gynodon 225 

Cynoglossum 272 

Gynomorium ....... 264 

CyperaoesB 218,227 

Cypere® .« . 227 

Cyperus 227 

Cypress 183 

Gypripedium 238 

Cystopteris 162 

Cystopus 128 

Cytinaceaa 244,262 

Cytinead 268 

Cytinus 268 

Cytisus 294 

Dactylis 226 

DsBdalea 142 

Daflfodil 289 

Daisy 281 

DalbergieaB 295 

Dame's Violet 814 

Pammara 182 

Damson 292 

DansBa 168 

Dandelion 282 

Daphnales 244,255 

Daphne 255 

Darlingtonia 817 

Daturesd 271 

DauoinesB 287 

Daucus 287 

Davalliacead 162 

Deadly Nightshade 271 

Dead-nettle. ; 265 

Deciduous Cypress 182 

Delesseria 121 

Delphinium 819 

Dentaria 814 

Desmidiacead 114 

Desvauziacead 229 

Deutzia 298 

Dewberry 298 

Dianthus 809 

DiatomacesB • • 114 

Diatrype 181 

Dicentra 812 
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FASB 

Dioksonia « « 163 

Dicotyledons .... 107, 176, 240 

Dicranum 154 

Dictainnas ........ 804 

Didjmium 127 

Dielytra 312 

DierviUa 284 

Digitalis 267 

Digitaria. 225 

Dion 179 

Dionsea ......... 298 

Dioscorales 218 

Dioscorea 234 

Dioscoresd . . . . . . 218, 234 

DiosmefB •• • 305 

Diospyros . . . . . . . . 274 

DiplocolobeaB ....... 314 

Dipsaceffi 245,279 

Dipsacus 279 

Dipterix • 295 

Dipterocarpese 246, 309 

DisciflorsB . . ..... 246,299 

Discocarpi . . . . . '. . . 136 

Discomycetes 182 

Dock 259 

Dodder 269 

Dog's mercury . . . .... . 254 

Dog's-tootli-grass . . . . . . 225 

Dog-violet 316 

DoronicTxm 281 

Draba . 315 

Dracaena 233 

Drop-wort . . . . ... . 292 

Drosera 298 

DroseraceaB 245, 298 

Dryadese 293 

Dryas. . ^ . 293 

Dryobalanops 809 

Duck-weed . 221 

Dyer's-weed ....... 316 

Earth-almond • 295 

EbenaceaB 274 

Ebenales 245, 274 

Ebony 274 

Eoheveria ......... 296 

Echinpcactus . . ^ . . « . 288 

Eohinochloa 225 

Echinpps ........ 282 

Echinopsis ........ 288 

Echium ......... 272 

Ehretoidese ........ 272 

Elasagnaceas 244, 255 

Elasagnus ........ 256 

Elais 223 

Elaphomyces 131 

Elatinese 246,308 

Elder 284 

Elecampane 282 

Elm 249 

Elodea 234 



M.GV 

Elync^. ,. ... « 228 

Empcitres ....... 246, 302 

Empetrum • * - 802 

Empleurum ........ 805 

Empusa 128 

Enchanter's Nightshade . . . 290 

Endive . ,. 282 

Endocarpo^ .... . . , . . . 136 

Endopbylle^ . . . ..... . 140 

Endophyllom 140 

Enteromorpha . 116 

Entomophthorese . . . . 124, 128 

EpacridesB 245, 276 

Ephebe 136 

Ephedra 183 

Ephemerum ........ 152 

Epilobium 289 

Epimedium 821 

Epipactip 238 

Epipogium 238 

EquisetinsB. ..... 107,168,166 

Equisetum . . .... . . . 166 

Eranthis 319 

Ergot i 131 

Erica 276 

Ericaceae 245,276 

Ericales . 245,275 

Erigeron. . . 281 

Eriocaulpn ......... 228 

Eriocaulpnese . .... 218,228 

Eriophorum 227 

Erodium 303 

Ervum 295 

Eryngium 286 

Erysimum 314 

Erysiphe 130 

Erysiphese 130 

Erythrsea 272 

ErythroxyleoB 246, 303 

Erythroxylon ....... 303 

Eschscholtzia 311 

Euastrum 114 

Eucalyptus 290 

Eugenia '290 

Euonymus 301 

Eupatoriese 280 

Eupatorium 280 

Euphorbia 253 

Euphorbiaceae 253 

Euphorbiales 244, 253 

Euphr^ia 268 

Eurhyjichium . 155 

Eurotium . 130 

Euryanthese ....... 225 

Evening Primrose 289 

Everlasting 282 

Evemia 135 

Exidia 141 

Exobasidium 142 

Eye-bright 268. 



Pagu" 

FatBia 

Feathar-grtss 

Fegatella 160 

Ferna , , 169 

Fern-Bo^ta. 163 

Feaoue-graaa f" 

Festnoa : 

FestDceiB I 

Ficoidalea 245, : 

Ficoiden 216, 1 

FiodB : 

Pig : 

Figwort : 

Filtgo . . . ; 

FiliocE 157, : 

FiliaiQEB 107, : 

Fir : 

Flag ; 

FUi 1 

Ftoriiie» 113,: 

Flowermg-rush ! 

FiEniculum ', 

Faliaceoua LicbeuH 

Falioee Liverworta 

Fontinalis 

Fool'fl Parsley i 

Foreet-ma-nol : 

Foxglove ! 

Foitail-gcaBB ! 

Fragaria I 

Fiaunes '. 

Fraxiaus ! 

Fritillaria 1 

Frog'a-bit ........ I 

FroDdose LirerwoitE ....'. 

Fnillania ! 

Fiuticose Licheng ; 

Fnoheia I 

Fumoria '■ 

Fmaaiiaceffi 216, 1 

FumiCoi; I 

Funaria 

Fungi 107, : 

PnrzB : 

OalactodeDdros ! 

Oalauthus ' 

QaleopsiB I 

Qalingale I 

Qalimn I 

GamopetajEs 241,1 

Garlic I 

Gaatiomyoetes 

Oean : 

OeniaU '■ 

Oentiana 272 

Oeatlanalei ...... 215, 272 



OeutiADeM . 
Gentianoideie . 

GeiBuiaoeiB. 
QeianialeB . 
Geranium . 

Germander ■ 
Oeaneracen 

Qiukgo . . 
OladiolUB . 

Glnaz . -. . 
Gle(^hoIna . 
Oleditsehia . 
GleiaheniaceES . 
Globfl-flower. . 
Olobularia . 
aiobularieiB . 
ai<£ocspBa . . 
OlntDiilea ■ 
OlumiQorle . 
Glyoyrrhiza 
GnaphalieiB 
Gnaphalium 
Gnetacetf . 
Goat'a-beard , 
Qolden-rod . 
Gold.oi-pleaeaTe . 
Gooseberiy , 
Goose-foot . 

Qosa;piam . 
GiamineB . 
Grauaten . 
Grape. Vine. 
Qraphideie . 
Graphis . , 
Grasses . . . 
Grass- wrack. 
Gratiola. 
Great Burnet . 
Green -weed 
Grevillea . 
Grimmia . 
Qromwell . 
Ground Ivy, 
Gronnd Nut 
Groundsel .. 
Guaiacom . 
Guelder Rose . 
Quttiterales 
Gnltiferw . 
Gymuadenia 
Gymnouarpous L: 
GymuoBponnEe 
Gy mnoaporau gici 
Qymno aporangiu: 
QjmnoBtomum 

HiematoooceuB 



Haloragidsn 346, i 

Eamameliden . . , . , 246, S 

Hard-Fern 1 

Eara-BeU 3 

Hart's Toagne 1 

Hawtbom S 

Hazel S 

Heath i 

Hedeia E 

HedgeMoBtard i 

Hedjohinm i 

Hed^eareiB i 

HeliiiDthemnm I 

Heliautbieie i 

HeliautbaB S 

Eeliotropium i 

Helleboiett I 

HelieboniB ( 

EelTelU 1 

HelvelUcetB 1 

Hemlook. '. 

Hen&iie ' 

Hepatioo 107, ] 

Hfflacleom i 

Herb Christopber I 

E«rb Paris S 

HamianB E 

HeeperiB E 

HeteiomeronB LicbenB . , , . 1 
HetaroBporoDB Vaaoular Crypto- 

Hibiaons E 

Hieko:? i 

Hieraciam i 

EippocrepiB i 

Hippopbaa i 

HippmideiB 246, i 

HoIcuB i 

Holly S 

Holljbook t 

HoloBteum E 

HomoiomerouB LiobenB . 133, 1 

Hone;-de« 1 

Honey-graBB i 

Honeysucble i 

Hop S 

Hordem £ 

Hordeom i 

Horeboond i 

Hornbeam i 

Horned Fondweed i 

HorBe-cbeBtnat C 

HorBe-radisb i 

HoiBB-tail 1 

Hound's Tongae ^ 

Bouse-Ieek '' 

Hoya ■ S 

Hnmnliu '' 

Hn(abii)»i& I 



HyaoiuthoB . . 
Eydiies .... 

Hj-Jnor& . . . 

Hvdnorea . . 

Hj-duxmi. . . 

Hydralea . , . 

Hydrangea . . . 

Hydrilleie . . . 
Hydrocharidace4B . 

BytlruehaiiB . . 

Hydroootyle , . 

Hjdrocotyleii) . . 

Hydrodiotyeiu . . 

Hylocomium . . 



HymenomyceteB 

HyiaeaophyllBcetB 1 

HymecopbjUum 1 

Hyoscyttmem 2 

HypericineiB 246, El 

Hypericam S 

Hyp. 



Hyssopua 266 



Iberis a 

Dei 3 

nioinen 246, 8 

lUeoebrum S 

lllicietB 8 

lUieinm El 

ImpatieuB 3 

Imperatoria. ^ 
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Kerna 291 
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Knantia 279 

Knawel 310 
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Labiatfls 244, 265 
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Ladies* Fingers 295 

Lady's Mantle 292 

Lady's Slipper 288 

Lamb's Lettuce 279 

Lamiales 244» 264 
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TiamiiiTn 265 

Lapsana 282 

Larch 181 

LardizalbeaB 820 

Lariz 181 

Larkspur 819 

Laserpitium 287 

Lathrsa 268 

Lathyrus 295 

Latiseptad 815 

Laurinete 244, 256 

Lauras 256 

Lavandula 265 

Lavender 265 

Lecanora 186 

Lecideacead 186 

Lecythidesd 291 

Leek 281 

Ledrsia 226 

LeguminosflB 245, 294 

Lemna 221 

Lemnaceffi ....'.. 218, 221 

Lemon 805 

Lentibulariead 244, 269 

Lentil 295 

Lenzites 143 

Leonuras 265 

Lepidinete 815 

Lepidium 815 

LeptospermesB 290 

Lesser Burnet 292 

Lettuce 282 

Leuce 258 

Leucobryum 154 

Leucodon . 154 

Leuoojum 289 

Levisticum 286 

Lichens 183 

Ligeria 268 

Lignum VitsB 804 

Liguliflors 282 
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Lily 281 

Lily-of-the-Valley 283 

Lime-tree 806 
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Linete 246, 308 
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Linnasan System of Classification 106 
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Liriodendron 320 

Lithospermum 272 

Litorella 267 
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Livistona 228 
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LobeliacesB 245, 277 

Loganiacesd 245, 272 

Lolium 226 

Lomaria 162 

LomentacesB 815 

Lonicera 284 

Loniceread 284 

Loosestrife 290 

Lophophytum 264 

Loranthacese 244, 263 

Loranthus 264 

Lords-and-Ladies 221 

Lotus-flower 320 

LoteaB 294 

Lucerne 295 

Lupinus 294 

Luzula 233 

Lychnis 810 

Lycium 271 

LycoperdacecB 144 

Lycoperdon 144 

Lycopersicum 271 

Lycopodieae 158, 16& 

Lycopodinae .... 107, 158, 168 

Lycopodium 168 

Lycopsis 272 
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LythrarieflB 245, 290 
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Marrabiam 265 
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Matricaria ........ 281 
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Medicago • . 295 
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Melampsora 140 

MelampsoreaB 140 

Melampyrum . > 268 

MelanophyceaB 118,116 

Melanthiesd 232 

Meliacese 246, 305 

Melic-grass 226 

Melica 226 

Melilotus 295 

Melissa 265 

Melissinead 265 

MeUttis 265 

Melon 289 

Melosira 115 

MenispermacesB .... 246, 320 

Mentha 265 

MenthoidesB 265 

Menyanthesd 272 

Menyanthes 272 

Mercurialis 254 

Merulius 142 

Mesembryanthemum .... 288 

Mespilus. 293 
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Metzgeria . .- 151 

Meum 286 

Mioroooocus 124 

Mignonette 316 

Milfoil 280 

Milium 226 

Mimosa 296 

Mimosea 296 

Mimulus 267 

Mint 265 

Mirabilis 258 

Mistletoe 263 

Molinia 226 

Monardeffi . 265 

Monk's-hood 319 

MonochlamydesB .... 244, 246 
Monoootyledones . . 107, 176, 215 

Monotropa 276 

Monotropeffi 245, 276 

Montia 310 

Moor-grass 225 

Morohella 183 

More© 244,248 

MoreU 183 

Moms 248 

Mosses 151 

Mougeotia H^ 

Mountain-Ash 294 

Mucor 125 

Mulberry 248 

Mullein 267 

Musa 235 

Musacese 218, 235 

Musci 107, 151 

Muscinea 107, 144 

Mushroom 1^ 

Musk 267 

Mustard 315 

Myosotis 272 

Myosurus . 819 

Myricace® 244, 252 

Myriophyllum 299 

Myristica 257 

Myristice® 244, 256 

Myroxylon 296 

Myrrh 306 

Myrrhis . 287 

MyrsineaB 245,275 

MyrtaceflB 245,290 

Myrtales 246,289 

Myrteffl 290 

Myrtus 290 

Myxomycetes 123, 126 
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Nepeta 265 

Kepetese 265 

Kephrodiom 162 
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New Zealand Flax 231 

NiootianesB 271 
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Nigella 819 
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Nopalea 288 

Nostoc 113 

NotorhizeaB 814 

Nacamentacead 315 

Nndiflorffi 218,219 

Naphar 820 

Nutmeg 257 

NyotaginesB 244, 258 

Nymphffia 820 

NymphfeacesB 246,820 

NymphfldinsB 820 

Oak 261 

Oat 226 

Ocymoidead 265 

Ocymum 265 
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(Edogoniam 119 

(Enanthe 286 

(Enothera 289 

Oidium 180 

Olacales 246,802 

Old Man's Beard 817 

Olea 274 

OleacesB 245, ^8 

Oleander 272 

Oleinead 273 

Olibanum 806 

OUve 274 

Onagraoeaa 245,289 

Oncidium 289 

Onion 281 

Onobrychis 295 

Ononis 294 

OosporesB 110 

Opluoglossete 168 

Ophioglossum 164 

Ophiys 238 

Opontia 288 

Orange 805 

Orchidales 218, 286 
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Orchideffi 218,286 

Orchis 238 
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Origanum 265 

Orobanche 269 

OrobancheaB 244,269 

Orobus • 295 

Orontesd 220 

Orthoplocete 814 

OrthospermesB 286 

Orthotnchum ....... 154 

Oryza 225 

OryzesB 225 

OsciUaria 113 

Osmunda 163 

OsmundaceiB 163 

Ostrya 260 

Ozalideaa 246,304 

Oxalis 804 

Oxyoedrus 183 
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Oxlip 275 

PsBonia 819 
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Palmad 218,222 

Palmales 218,222 

PalmellaceiB 115 

Palms 222 

PandaneaB 218,221 

Pandanus 221 

Pandorina 115 

Panioead 225 

Panioum 225 

Panus 148 

Pansy 816 

Papaver 811 

Papaveracead 246, 811 

Papayaoesd 245,288 

Paper Mulberry 248 

Papilionacese ....... 294 

Papyrus 227 

Parietales 246,811 

Parietaria 248 

Paris 233 

Parmelia 135 

Pamassieffi 297 

ParonycbiesB 810 

Parsley 287 

Parsnip 287 

Passiflora 288 

Passifloracea) 288 

Passiflorales 245, 288 

Passion-flower 288 

Pastinaoa 287 

Patchouli 265 

Paulownia 267 

Pea 295 

Peach 292 

Pear 294 

Pedioularis 268 

Pelargonium 803 
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Penicillium 130 

Pennj-cress 815 

Pentastemon «. 267 

Peperomia . . « 247 

Pepper 247 

Pepperworts ....... 164 

Periwinkle 272 

Peronospora 128 

PeronosporesB 124, 127 

Personales 244,267 

Pertusaria 136 

PetaloidesB . ..... 218,229 

Petasites . 280 

Petroselinom 286 

Petunia 271 

Peuoedanesd 286 

Pencedanum 287 

Peziza 133 

Pezizaoese 133 

PhaoidiacesB 132 

Phajus 239 

PhalarideflB 225 

Phalaris 225 

PhaUoideaa 144 

PhaUns 144 

Phanerogamia 107,170 

PhascacesB 152 

Phasoom 153 

PhaseolesB ... .^ ... . 295 

Phaseolus 295 

Pheasant's Eye 819 

Phegopteris 162 

PhiladelpheaB . 297 

Philadelphus 298 

Philodendron 221 

PhleinesB 225 

Phleom 225 

Phlox 270 

Phoenix 222 

Phormiom 231 

Phragmidium 139 

Phra^ites. 226 

Phucagrostis ....... 219 

Phycochromacesd .... 112, 113 

Phyoomycetes 123 

Phyllanthus .254 

Phyllocaotus .288 

Phyllooladus 180 

Phylloglossom 168 

Physalis 271 

Physostigma ....••. 295 

Phytelephas 223 

Phyteuma 277 

Phytolacca 258 

Phytolaccaoesd .... 244,258 

Phytophthora 128 

Pioea 181 

Pilularia 165 

Pimpernel 275 



PAGB 

Pinaster 182 

Pine 181 

Pineapple 235 

Pmgnicula 269 

Pink 309 

Pinnularia «. • • US 

Pinus 181 

Piper 247 

Piperacesd 244,247 

Piperales 244,247 

Pipewort 228 

Pistacia 801 

Pistia 221 

Pisnm 295 

Pittosporeffi 246,311 

Pittospornm 311 

Plagiochila 151 

Plane 250 

Plantagineffi 244,266 

Plantago 266 

Plantain 235,266 

Plataneaa 244,250 

Platanns 250 

Pleospora 131 

Pleorocarpons Mosses .... 154 

Pleuroooccus 115 

PleororhizesB 314 

Plooamiom 121 

Plnm. 292 

Plombaginead 245,275 

Plumbago 275 

Poa 226 

Pogostemon 265 

Polemoniacesd 245,270 

Polemoniales 245,269 

Polemonium 270 

Polycarpead 310 

Polycarpon 310 

Polygala 811 

PolygalacesB 246,810 

Polygalinss 246,310 

PolygonesB 244,258 

Polygonum 259 

PolypetalsB 245,284 

Polyphagus 126 

Polypodiacete 162 

PolypodieaB 162 

Polypodium. .....•• 162 

Polyporead 143 

Polyporus . . . «^ . . ^ . 142 

Polytriohum 154 

PomesB ^ 293 

Pomegranate 291 

Pondweed 219 

Pontederiacesd 218, 233 

Poplar 252 

Poppy 811 

Populua 258 

Portnlaoa 810 

PortulaoaoesB 246,810 

Potamales 218,219 
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Potamogeton 219 

Potato 271 

Potentnia 293 

Poterium 292 

Primrose 276 

Primula 275 

Piimalaoeaa 245,274 

Primolales 245,274 

Privet 274 

Protea 256 

ProteacesB 244,256 

Protophyta 110 

Pnmella 266 

Pnmus 292 

Psilotom 168 

Ptelea 805 

PteridesB 162 

Pteridophyta 107,155 

Pteris 162 

Pterooarpns 295 

PtilophyUum 160 

Pnoomia. 189 

Pnooinieas 189 

Pumpkin 289 

Punica 291 

Purslane 810 

Pyrenooarpi 186 

Pyrenomyoetes 181 

Pyrola 276 

Pyrolacese 245,276 

l^rus 294 

Quaking-grass 226 

Querous 261 

Quemales 244,259 

Quince 293 

Badish 815 

Badula 151 

Bafflesia 263 

BafflesiacesB 263 

Bamalina 185 

Bampion 277 

Banales 246,817 

BanunoulacesB 246, 317 

Banunculeffi 818 

Banunoulus 318 

Bape 315 

Baphanead 815 

Baphanus 815 

Baspberry 293 

Battle 269 

Beboulia 150 

Beed 226 

Beed-grass 225 

Beed-mace 222 

Beseda 316 

Besedacead 246,816 

Best-harrow 294 

BestiacesB 218,229 

Bestiales 218,228 

Bhamneed 246,801 

Bhamnus • • 801 
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Bhinanthus 268 

BhipsaUs 288 

BhizantheaB 267 

BhizocarpesB 157, 164 

Bhizooarpon 136 

Bhizomorpha 143 

BhizophoracesB .... 245, 291 

Bhododendron 276 

BhodoraceaB 245,276 

Bhodotypus 292 

Bhubarb 259 

Bhus 801 

Bhytisma 182 

Bibes 298 

BibesiaoesB 298 

Bibwort 266 

Biooia 149 

BiooiesB 149 

Bice 225 

Bichardla 221 

Bidnus 254 

BiyulariesB 114 

Bobinia 295 

Boocella 135 

BookBose 316 

BcBstelia 140 

Bosaces 245, 291 

Bose 292 

Bosales 245,291 

Boseas 291 

Bosmarinus 265 

Bowan-tree 294 

Bubia 283 

Bubiaoeae 245,282 

Bubiales 245,282 

Bubns 293 

Bue 304 

Bumex 259 

Buppia 219 

Buscns 233 

Bush 233 

Buta 304 

BntaceaB 246, 804 

ButeaB 804 

Bye 227 

Bye-grass 226 

Sabina 188 

Saooharomyces 125 

Sacoharomycetes .... 123,124 

Sacdharum 225 

Saffron 240 

Sage 265 

Sagina 809 

Sagittaria 280 

Sago 228 

Sagus. 223 

Sainfoin 296 

SaUcineaB 244,262 

Salisburya JS" 

Salix 






--^.r..» 



■J 



"T" „«- 



__ > 



#_ 
/. 

/ 



JjA 



A^ 



/A/. 



^^ 



^/ i 



y 



< J 



IMi' 






^ 


J.-,-:-- i-. 


-- 


-• v_ 


«r 


1^1- 1-^-*-; 


^^ 


• 


^ 


«^.j^_-;t« 


^ 


1.-— -r 


i,f 


>.-_ ■ 


< 


•J>ii. ;-•—•« 


^^ 


..^ft^- ■;a^"--- 


Z^ 


.....-.-i^t 


A\i 


■J,.-- ■-.■.:■.» 


.*.& 


•yf«lV -'ufa*- 


^<r 


^*»„-v .< 


/L. 


Li'. «« ^0<s>si 


^/. 


!>'. .r ^c* 


x/ 


r^.i* -.■-■. 


/irJ. 


1.^', .J.kUt' . 


"^J . 


0r-.'--.-i 


-'.U 


o x^.^ ^'-t- 


/crx 


f> f^^ ^1«» 


^>t. 


X> ^' ^^ 


^• 


t^*^ - ^.•dbl 


>fc'/' 


t.fy^:.j .i*^j'j9i 


i..S, 


fMM.v' tJbf^.i'AVL 


>*A 


Cjy^'...*.jX 


>s^A 


4 


y'.v 


'Siyj^...ieJ'A . - . 


iCJ^ 


•5*.<a/* ^1 


.:jr. 


fc^A.i 


■/// 


t^flfKf'/U U, , . , . 


'/Vf'J 


t9|i}i !«.#<::)* . . . « 


a'jl; 


(3^/hi«./i» 


J«i'/ 


h|/|ju.fop)iorUR ■ . • 


IfiU 


filtUunniU'^iU: . . • 


VUI) 


^l«tlll((tlU»ll . . . • 


ttln 


Mi'lMttitU . . . • 









2sH 



I'Jfi 
277 
269 
227 
309 
131 
131 
185 
152 
152 
257 



IKDEX. 



843 



Pi.GB 

Spindle-tree • . 4 . . . . 301 

Spiraea 292 

Spirseacess 292 

Spirillum 124 

Spirogyra 114 

SpiroIobesB ........ 814 

Spruce 181 

Spurge 254 

St. John's Wort 308 

Stachydead 265 

Staohys 265 

StapeUa 273 

Staphylea . 301 

Staphyleacesd 246,801 

Star-anise 320 

Statice 276 

Staurastrum 114 

Stellaria 309 

StellatsB 283 

Sterculiacesd 246,307 

Stereum 142 

Sticta 135 

Stipa 226 

Stipead 226 

Stock 314 

Stork's-bill 303 

Stratiotes 234 

StratiotideiB 234 

Strawberry . 293 

Strychnos 272 

St^nracesd 245,274 

Styrax 274 

Sub-class 108 

Subularia 315 

Suocisa 279 

Sugar-cane 225 

Summer Savory 265 

Sundew 298 

Sunflower 282 

Sweet Basil 265 

Sweet Cherry 292 

Sweet Flag 220 

Swietenia 263 

Sycamore 300 

Symphoricarpus 284 

Synchytrium 126 

Syringa . . . , 274 

Taccaceffi 218,234 

Taeda 182 

Tamariscinead 246,310 

Tamarix 310 

Tamus 234 

Tanacetum 282 

Tansy 282 

Tapioca 254 

Taraxacum 282 

Tassel Pondweed 219 

Taxinead 179 

Taxodieae , . . 182 

Taxodium 182 

Taxus 179 



Teak 269 

Teasel 279 

Tectona 266 

Teesdalia 315 

Terebinthacead 246,300 

TernstroemiaceaB .... 246,308 

Tetrachytrium 126 

Tetraplus 154 

Teucrium 266 

Thalamifloras 246,306 

Thalictrum . 317 

Thallophyta 107,110 

Thea 308 

Thelephorese 142 

Theobroma 307 

Thesium 263 

Thistle 282 

Thlaspi 316 

Thlaspideae 316 

Thorn-apple 271 

Thrift 276 

Thuja . 183 

Thuidium 165 

ThymeleaceaB 244,255 

Thymus 265 

Tilia 306 

Tiliaceae ^ . 246, 306 

Tilletia 137 

Tmesipteris 168 

Toad-flax 267 

Tobacco 271 

TbddalieaB 305 

Tofieldia . 232 

Tomato 271 

Tonka Bean 295 

Tradescantia 231 

Tragopogon 282 

Trametes 142 

Trapa ^ . 298 

Trefoil 296 

Tremella 141 

Tremellinad 141 

Trichia 127 

Trichomanes 162 

Trientalis 275 

TrifoUum 296 

Triglochin 229 

Tngonella 295 

Triticum 227 

TroUius 319 

TropaBolesB 246,304 

Tropaaolom 304 * 

Truffle 131 

Tsuga 181 

Tuber 131 

Tuberaceas 131 

Tubuliflorn 280 

TuUpa 231 

Tulip-tree 320 

Turk*s-cap Lily 231 

Turnip 816 
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Tnssilago 280 

TuBsilagineaB * . 280 

Twitch 227 

Typha 222 

TyphaoesB 218,222 

Ulex 294 

TJlmaoesB 244,249 

Ulmus 249 

Ulothrix 116 

Ulva 116 

Ulvaceffi 116 

UmbeUales 245, 285 

UxnbellifersB 245,285 

Umbilicaria 186 

UredineaB 124. 137 

TJredo 188 

Uromyces 139 

Urocystis 137 

Urtica 248 

TJrticales 244,247 

TJrticeaB 244,247 

Usnea 135 

UetilagineaB 124,187 

tJstilago 137 

TJtricularia 269 

Yacciniesd 245,277 

Yaccinimn 277 

Valeriana 279 

Valerianea) 245,278 

Valerianella 279 

Vallisneria 234 

Vallisneriesd 234 

Vanda 239 

Vanilla 239 

Variety 108 

Vascular Cryptogams . .... 155 

Vascular Plants 108 

Vaucheria 117 

Venus* Fly-trap 298 

Venus' Looking-glass .... 277 

Veratrum 232 

Verbascum 267 

Verbena 266 

Verbenacead 244, 266 

Vernal grass 225 

Veronica 268 

Verrucarieee 186 

Vervain .266 

Vetch 295 

Viburnum 284 

Vicia 296 

ViciesB 295 

Victoria 320 

Vinca ......... 272 

Viola 316 

ViolariesB 246,316 

Virginia Creeper 302 

Visoum 268 

Vitis 302 
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VolvocinesB ...... 113, 118 

Volvox 118 

Wall-flower. 314 

Walnut 259 

Water-chestnut 298 

Water-cress 314 

Water Crowfoot 318 

Water-hemlock 287 

Water-lily 320 

Water-milfoil 299 

Water-plantain 230 

Water-soldier 234 

Waterwort 308 

WelUngtonia 182 

Welwitschia 184 

Weymouth Pine 182 

Wheat 227 

Whin .294 

Whitlow-grass 316 

Whortleberry 277 

Wild Balsam 304 

Wild Basil ........ 266 

Wild Cherry 292 

Wild Plum 292 

Willow 252 

Wmter Aconite 319 

Winter Cherry 271 

Winter-green 276 

Wistaria 295 

Witch Hazel . 298 

Woad 315 

Wolf's-bane 319 

Wolffia 221 

Woodruff 283 

Woodsia 162 

Wood-sorrel 304 

Wormwood 281 

WychElm .249 

XanthozyleaB 305 

Xanthoxylum 305 

Xylaria 131 

XyrideflB 218, 230 

Yam 234 

Yellow Flag 240 

Yellow Socket 314 

Yew 179 

Yucca 231 

Zamia 179 

ZanicheUia 219 

Zea . . . 225 

Zingiberacese 218,236 

Zoospores 112,116 

Zostera 219 

Zygnema 114 

Zygnemacesd 114 

Zygoohytrinm 126 

Zygomycetes 123,125 

Zygophylleaa 246,304 

ZygosporesB 110 
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